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(54) Method for manufacturing cathode, electron source, and image forming apparatus 



(57) A method for manufacturing a cathode com- 
prises the steps of: a process for applying onto a sub- 
strate a fluid mixture comprising polymers or precursors 
to the polymers, fine particles of electroconductive ma- 
terial or organic metal compound, and solvent; a proc- 
ess for removing the solvent by heating the fluid mixture 
applied on the substrate, thereby obtaining an electro- 



conductive organic film comprising the polymers and the 
electroconductive material; and a process for forming a 
gap at a portion of the electroconductive organic film by 
applying an electrical current thereto. Accordingly, a 
simple method for manufacturing cathodes, electron 
sources, and image forming apparatuses with excellent 
electron emitting properties can be realized. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the invention ^ 

[0001] The present invention relates to a method for 
manufacturing cathodes, and a method for manufactur- 
ing electron sources, electron beam generating appara- 
tuses, and image forming apparatuses such as flat-pan- io 
el displays. 

Description of the Related Art 

[0002] There are two types of cathodes (electron- t5 
emitting devices) that have been conventionally known; 
thermionic cathodes, and cold cathodes. Cold cathodes 
include field-emission types (hereafter referred to as 
"FE-type"), and metal layer /insulating layer /metal lay- 
er types (hereafter referred to as "MIM-type") and sur- 20 
face conduction type cathodes. 
[0003] Examples of surface conduction type cathodes 
are disclosed in Japanese Patent Laid-Open No. 

8- 55563, Japanese Patent Laid-Open No. 7-235255, 
Japanese Patent Laid-Open No. 8-007749, Japanese 2S 
Patent Laid-Open No. 8-321254, Japanese Patent No. 
2836015. Japanese Patent Laid-Open No. 9-237571, 
Japanese Patent LaidOpen No. 7-65704, Japanese 
Patent Laid-Open No. 10-40807, Japanese Patent Laid- 
Open No. 8-171850, Japanese Patent Laid-Open No. 30 

9- 069334. and so forth. 

[0004] Fig. 1 2 schematically illustrates an example of 
the configuration of a surface conduction type cathode, 
disclosed in the above Japanese Patent Laid-Open No. 
8-321254. In the Figure, reference numeral 1 denotes 55 
a substrate, 2 and 3 denote electrodes, 4 denotes an 
electroconductive film, 5 denotes an electron emission 
portion, and 10 denotes a carbon film. The area near 
the electron emission portion 5 is formed of a first gap 
6 which defines the gap in the electroconductive film, 40 
and a second gap 7 which defines the gap in the carbon 
film 10. The gap L shown in the Figure is set at several 
tens of ^m to several hundred [im, the width W at several 
^im to several hundred ^im, and the thickness d at sev- 
eral tens of ^im to several hundred ^im. 
[0005] Also, Fig. 13 illustrates an example of the 
method of manufacturing a conventional surface con- 
duction type cathode, such as disclosed in the above 
Japanese Patent Laid-Open No. 8-321254. 
[0006] First, electrodes 2 and 3 are positioned on the so 
substrate 1 (Fig. 13A). Then, an electroconductive film 
4 for connecting the electrodes 2 and 3 is positioned 
(Fig. 13B). Next, flowing a current through the electro- 
conductive film 4 forms a first gap 6 at a portion of the 
electroconductive film (Fig. 1 3C). The process of fonm- ss 
ing this first gap 6 in the electroconductive film is called 
"fonming" or "energization forming". Next, the carbon 
film 10 is formed by for example, introducing an organic 



gas in a vacuum, and applying voltage between the two 
electrodes 2 and 3 in this atmosphere (Fig. 13D). Inci- 
dentally, the second gap 7 is formed at the same time 
as forming this carbon film 10. The process of forming 
the carbon film 10 and the second gap 7 is called "acti- 
vation". The area near the second gap 7 formed by this 
activation process is called the electron emission por- 
tion 5. 

SUMMARY OF THE INVENTION 

[0007] There have been the following problems with 
the above-described conventional activation process. 
[0008] Firstly, in the case of forming the carbon film 
from organic material gas, there have been the following 
problems. There is the need to introduce the organic 
material gas at an optimal gas pressure for the above 
activation process. Particularly, depending on the type 
of organic material gas that is to be introduced, there 
has been problems in pressure controllability in the 
event that the optimal gas pressure is low. Also, there 
have been cases wherein the amount of time necessary 
for the activation process changes or the nature of the 
formed carbon film differs due to residual water, oxygen, 
or the like in the vacuum atmosphere. This has caused 
irregularities in the electron emission properties of elec- 
tron sources or image forming apparatuses. 
[0009] Secondly, in the event of using the aforemen- 
tioned cathodes for image forming apparatuses or elec- 
tron sources, there have been the following problems. 
That is following the activation process, the gas used on 
the activation process, and also water, oxygen, etc.. 
have adhered to the substrate for the electron source, 
or member comprising the image forming apparatus, e. 
g., aface plate having fluorescent material. Accordingly, 
there is the needto remove the gas and the like adhering 
thereto, to stabilize electron emission properties. To this 
end, conventional arrangements required a process 
called "stabilizing", wherein the substrate on which the 
electron-emitting devices are arrayed, or the air-tight 
container enveloping the devices, are baked at high 
temperatures for long periods of time. With this stabiliz- 
ing process, the higher the temperature, the better; and 
the longer the time, the better. However, in practice, the 
stabilizing process is restricted regarding the heating 
temperature due to the heat-resistance properties of the 
members comprising the cathodes, electron sources, 
and image forming apparatuses, so sufficient heating 
has not always been able to be performed. 
[0010] Thirdly, in the sealing process for fabricating 
image forming apparatuses, there have been the follow- 
ing problems. That is, in the case of fabricating image 
forming apparatuses, conventional arrangements in- 
volved bonding together at high temperatures an elec- 
tron source substrate comprising wires and the like for 
driving each device with a face plate having fluorescent 
material or the like, thereby fonming an envelope (re- 
ferred to as the sealing process). Then, following this 
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sealing process, voltage is applied from the wires, the 
aforementioned forming and activating processes and 
the like are performed. In this way. the fomning and ac- 
tivating processes are performed after the image form- 
ing apparatus (vacuum envelope) is assembled, so in 
the event that a defect occurs on the electron source 
substrate due to one reason or another, the entire image 
forming apparatus becomes defective. Accordingly, an 
arrangement has been awaited wherein the fomning and 
activating processes are perfomied. and inspected, fol- 
lowing which the electron source substrate which has 
passed the inspection and the face plate are assembled 
to manufacture the image forming apparatus. 
[0011] Fourthly the above Japanese Patent Laid- 
Open No. 9-237571 discloses a manufacturing method 
which is said to solve the above problems, but means 
for realizing further reductions in costs has been await- 
ed. 

[0012] Accordingly, the present Invention has 
achieved the above objectives, by the following manu- 
facturing methods. 

[0013] According to an aspect of the present inven- 
tion, a method for manufacturing a cathode comprises 
the steps of: 

A) a process for applying onto a substrate a fluid 
mixture comprising polymers or precursors to the 
polymers, fine particles of electroconductive mate- 
rial or organic metal compound, and solvent; 

B) a process for removing the solvent by heating 
the fluid mixture applied on the substrate, thereby 
obtaining an electroconductive organic film com- 
prising the polymers and the electroconductive ma- 
terial; and 

C) a process for fomning a gap at a portion of the 
electroconductive organic film by flowing a current 
through the film. 

[001 4] Now, the process for applying the fluid mixture 
according to the present invention may be performed by 
the ink-jet method, and the ink-jet method may involve 
applying heat to the fluid mixture to the point of boiling 
so as to generate bubbles, thereby using the pressure 
of the bubbles to eject droplets of the fluid mixture. 
[0015] Also, according to the present invention, the 
ink-jet method may involve applying electric signals to 
piezoelectric elements so as to cause deformation 
thereof, thereby ejecting droplets of the fluid mixture. 
[0016] The polymers may comprise at least one se- 
lected from the following group: all-aromatic polymers, 
and polyacryllo nitryl. Here, the a!i-aromatic polymer 
may comprise one of polyimide, polybenzoimidazole, 
and polyamideimide. 

[0017] The electroconductive material according to 
the present invention may comprise at least one select- 
ed from the following group: Pd, Ru, Ag, Cu, Tb, Cd, Fe, 
Pb. Zn, PdO. Sn02. In^O^, PbO. SbaOa. HfBg, ZrBg. 
LaBe-CeBfi. YB4. GdBa. TiC, ZrC. HfC. TaC, SiC. WC, 
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TIN, ZrN. HfN, polyacetylene, poly-p-phenylene, 
polyphenylene sulfide, polypyrrole. Si, Ge, carbon, and 
graphite, 

[0018] Also, the electroconductive nnaterial may com- 
5 prise at least one selected from the following group: met- 
als, oxides, borides, carbides, nitrides, electroconduc- 
tive polymers, and semiconductors. 
[0019] According to another aspect of the present in- 
vention, a method for manufacturing a cathode compris- 
10 es the steps of: 

A) a step for forming on a substrate an electrocon- 
ductive organic film comprising a mixture of: 

at least one organic nnaterial selected from the 
IS following group: all-aromatic polymers, and polyac- 
ryllo nitrile; and 

an electroconductive material; and 

B) a step for forming a gap at a portion of the elec- 
troconductive organic film by flowing a current 

20 through the film. 

[0020] According to yet another aspect of the present 
invention, a method for manufacturing a cathode com- 
prises the steps of: 

25 

A) a step for forming on a substrate an electrocon- 
ductive film comprising: 

at least one organic material selected from the 
following group: all-aronnatic polymers, and polyac- 
30 ryllo nitrile; and 

an electroconductive material; and 

B) a step for forming a gap at a portion of the elec- 
troconductive organic film by flowing a current 
through the film. 

35 

[0021] The all-aromatic polymers here may comprise 
at least one organic material selected from the following 
group: polyimide, polybenzoimidazole, and polyamide- 
imide. 

40 [0022] According to a further aspect of the present in- 
vention, a method for manufacturing a cathode compris- 
es the steps of: 

A) a step for forming an electroconductive organic 
45 film on a substrate layer; and 

B) a step for forming a gap at a portion of the elec- 
troconductive organic film by flowing a current 
through the film. 

so [0023] According to another aspect of the present in- 
vention, a method for manufacturing an electron source 
comprising an array of a plurality of cathodes uses cath- 
odes which are manufactured according to any of the 
methods described above. 

ss [0024] The method for manufacturing the above elec- 
tron source comprises: 

A) a step for forming an array of a plurality of pairs 



20 



4 



« 



EP 0 986 085 A2 



5 

of electrodes on a substrate, using offset printing; 

B) a step for forming a plurality of X-directional wires 
coming into common contact witfi one of the pair of 
electrodes, on tfie substrate using screen printing; 

C) a step for forming a plurality of Y-directional wires 5 
coming into common contact with the other of the 
pair of electrodes, on the substrate using screen 
printing; 

D) a step for positioning the electroconductive or- 
ganic film so as to connect between each of the 
pairs of electrodes, using the ink-jet method; and 

E) a process for forming a gap at a portion of the 
electroconductive organic film by flowing a current 
through the film, via the X-directional wires and the 
Y-directional wires. 

[0025] Here, the Y-directional wires are formed over 
the X-directional wires so as to be electrically insulated 
therefrom by an insulating layer tonmed using screen 
printing, and the Y-direclion and the X-direction are sub- 
stantially perpendicular. 

[0026] According to yet another aspect of the present 
invention, the electron source in a method for manufac- 
turing an image forming apparatus comprising an elec- 
tron source having an array of a plurality of cathodes 
and image forming members positioned facing the elec- 
tron source is manufactured according to the aforemen- 
tioned method for manufacturing electron sources. 
[0027] Thus, according to the present invention, first- 
ly control of the pressure of the organic gas being Intro- 
duced is not necessary as with conventional methods 
for manufacturing cathodes, the effects of the residual 
gas in the vacuum atmosphere are relieved, and elec- 
tron emission properties can be readily controlled. 
[0028] Also, secondly with the method for manufac- 
turing cathodes according to the present invention, elec- 
tron emission portion can be formed to the electrocon- 
ductive film using heat due to application of electricity 
or electric energy Thus, the electron emission proper- 
ties can easily be controlled according to the power at 
forming process and/or the thickness of the electrocon- 
ductive organic film. Accordingly, in the case of nnanu- 
facturing electron sources or image forming apparatus- 
es wherein a plurality of cathodes are arrayed, control 
of the electron emission properties can be readily con- 
ducted as compared to the activation process of con- 
ventional arrangements which require control of the or- 
ganic gas, providing a simpler process. Consequently, 
irregularities in electron emission properties can be sup- 
pressed. 

[0029] Also, thirdly electron sources which have 
passed inspection and face plates which have passed 
inspection can be used for the assembly process (bond- 
ing process), so the occurrence of defects after assem- 
bly of the Image forming apparatus can be reduced as 
compared to the activation process of conventional ar- 
rangements which require control of the organic gas. 
Consequently, the cost of the Image forming apparatus 



can be reduced. 

[0030] Further, fourthly with the manufacturing meth- 
od according to the present invention, there is no need 
to align the electroconductive film and the organic film 
as with the conventional manufacturing method wherein 
the organic film covers the electroconductive film, dis- 
closed in Japanese Patent Laid-open No. 9-237571 . Ac- 
cordingly, defective cathodes and Irregularity in electron 
emission properties owing to offset of the carbon film 
can be suppressed, thereby providing cathodes with ex- 
cellent electron emission properties. Further, using the 
Ink-jet method to form organic film having electrocon- 
ductivity according to the present Invention reduces the 
patterning process for the device, thereby reducing 
costs. Moreover, forming the electrodes forming the 
cathodes and the wires for driving the cathodes by print- 
ing enables all components ot the cathodes and electron 
sources to be formed by printing processes, realizing 
even further reductions in costs. 



20 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0031] 

25 Fig. 1 A Is a plan view illustrating the configuration 
of a cathode according to the present Invention; 
Fig. 1 B Is a cross-section of the cathode according 
to the present invention; 

Figs. 2A-2D are schematic diagrams illustrating an 
30 example of the process for manufacturing a cath- 
ode according to the present invention; 
Fig. 3A-3D are schematic diagrams illustrating an 
example of the voltage waveform during the electric 
forming, which can be used for manufacturing a 
35 cathode according to the present Invention; 

Fig. 4 is a schematic diagram illustrating an exam- 
ple of a vacuum processing apparatus having 
measurement evaluating functions; 
Fig. 5 is a graph illustrating an example of the rela- 
te? tlonship between the emission current le, element 
current If, and element voltage Vf, of the cathode 
according to the present invention; 
Fig. 6 is a schematic diagram illustrating an exam- 
ple of a the display panel of a simple matrix array 
45 electron source which can be used for the present 
invention; 

Fig. 7 is a schematic diagram illustrating an exam- 
ple of a simple matrix array image forming appara- 
tus which can be used for the present invention; 
so Figs. 8A-8B are schematic diagrams illustrating an 
example of a fluorescent film; 
Fig. 9 Is a bbck diagram illustrating an example of 
a driving circuit for displaying Images on an Image 
forming apparatus according to NTSC television 
55 signals; 

Fig. 1 0 Is a schematic diagram illustrating an exam- 
ple of a ladder-array electron source applicable to 
the present invention; 
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Fig. 11 is a schematic diagram illustrating an exann- 
ple of a display panel of an image forming apparatus 
with a ladder array, applicable to the present inven- 
tion; 

Figs. 12A-12B are schematic diagrams illustrating 
an example of a conventional surface conduction 
cathode; 

Figs. 13A-13D are schematic diagrams illustrating 
an example of a conventional method for manufac- 
turing a surface conduction cathode; 
Figs. 14A-14C are schematic diagrams illustrating 
the process of fabricating an electron source ac- 
cording to the present invention; 
Figs. 15A-15D are also schematic diagrams illus- 
trating the process of fabricating an electron source 
according to the present invention; 
Figs. 16A-16B are schematic diagrams illustrating 
the configuration of a cathode according to another 
example of the present invention; 
Figs. 17A-17F are schematic diagrams iliuslrating 
the process for fabricating a cathode according to 
another example of the present invention; 
Figs. 18A-18B are schematic diagrams illustrating 
an ink-jet head suitably applied to the present in- 
vention; 

Fig. 1 9 is a schematic diagram illustrating an exam- 
ple of a vacuum processing apparatus having 
measurement evaluating functions; 
Fig. 20 is a schematic diagram illustrating a matrix- 
form electron source fabricated according to the 
present invention; 

Fig. 21 is a schematic diagram illustrating the cross- 
section along line A- A' In Fig. 20; 
Figs. 22A-22D is a schematic diagram illustrating a 
portion of the process for fabricating the electron 
source shown in Fig. 20; 

Figs. 23E-23H are also schematic diagrams illus- 
trating a portion of the process for fabricating the 
electron source shown in Fig. 20; 
Figs. 241-24J are also schematic diagrams illustrat- 
ing a portion of the process for fabricating the elec- 
tron source shown in Fig. 20; and 
Fig. 25 is a block diagram schematically illustrating 
the driving circuit of the image display apparatus 
fabricated according to the example. 

DESCRIPTION OF THE PREFERRED 
EMBODIt^ENTS 

[0032] The following is a detailed description of the 
basic configuration of a cathode according to the 
present invention, with reference to the drawings. 
[0033] Fig. 1 A is a schematic plan view illustrating the 
configuration of a cathode according to the present in- 
vention, and Fig. IB is a cross-section thereof. 
[0034] In Fig. 1, reference numeral 1 denotes a sub- 
strate, 2 and 3 denote electrodes, 4 denotes an organic 
film having electroconductlvity (or, simply referred to as 



"electroconductive film"), 5 denotes an electron emis- 
sion portion, and 7 denotes a gap. 
[0035] Examples of materials used for the substrate 
1 include quartz glass, glass wherein the amount of im- 
s purities such as Na or the like contained therein has 
been reduced, soda-lime glass, glass substrates with a 
layer of SiOg fonmed on soda-lime glass by sputtering 
or the like, ceramics such as alumina, SI substrates, and 
so forth, 

10 [0036] Commonly used conducting materials can be 
selected and used for the opposing electrodes 2 and 3. 
Examples include metals such as Ni, Cr, Au, Mo, W, R, 
Ti, Al, Cu, Pd, etc., or alloys thereof; printing conductors 
formed of glass or the like with metals such as Pd, Ag, 

IS Au, RUO2, Pd-Ag, or metal oxides thereof; transparent 
conductors such as In203- SnOg; semiconductor mate- 
rials such as polysilicone and the like, and so forth. 
[0037] The gap L between the electrodes 2 and 3, the 
length W of the electrodes 2 and 3, the form of the or- 

20 ganic film 4 having electroconductlvity, etc., are de- 
signed taking into consideration the form and the like of 
application. The gap L between the electrodes 2 and 3 
can be set to a range between several tens of nm to 
several hundred |am, and preferably is set at a range of 

25 several |im to several ten jim, taking into consideration 
the voltage applied between the electrodes 2 and 3, and 
the like. 

[0038] The length W of the electrodes 2 and 3 can be 
set to a range between several jam to several hundred 

30 pm, -taking into consideration the resistance values of 
the electrodes and the electron emission properties. 
The thickness d of the electrodes 2 and 3 can be set to 
a range between several tens of nm to several ^m. 
[0039] Incidentally, the configuration is not restricted 

3S to an arrangement wherein the opposing electrodes 2 
and 3 are layered on the substrate 1 and the electrocon- 
ductive organic film 4 is layered thereupon as shown in 
Fig. IB; rather, arrangements may be used wherein the 
electroconductive organic film 4 is layered on the sub- 

40 strate 1 and the opposing electrodes 2 and 3 are layered 
thereupon. 

[0040] The organic film having electroconductlvity (or 
simply "electroconductive film") 4 is a mixed film com- 
prising an electroconductive material (1 ) and an organic 
45 material (2). 

[0041] Incidentally, the above electroconductive ma- 
terial (1) also includes electroconductive metal com- 
pounds. 

[0042] Also, the resistance value of the above organic 
so film having electroconductlvity (electroconductive film) 
4 is preferably 10^ to 10^ QA3 for sheet resistance. In 
the event that the resistance value is smaller than this 
range, a great current may flow during the later-de- 
scribed forming, causing heating and cracking of the 
55 substrate, or desired electron emission properties may 
not be obtained. In the event that the resistance value 
is greater than this range, forming may become impos- 
sible, or desired. electron emission properties may not 
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be obtain ed. 

[0043] Further, the thickness of the above organic film 
having electroconductivity is preferably between sever- 
al nm to several hundred nm. An even more preferable 
film thickness is between 1 nm to 100 nm. 
[0044] Examples of the above electroconductive ma- 
terial (1) include, but are not limited to, the following: 
Metals such as Pd, Ru. Ag, Cu, Tb, Cd. Fe, Pb, orZn; 
oxides such as PdO, SnOa, IrigOg. PbO, SbgOa; borides 
such as HfBs, ZrBa, LaBg. CeBe. YB4, GdB4; carbides 
such as TiC, ZrC, HfC, TaC, SiC. WC; nitrides such as 
TiN, ZrN. HfN; electroconductive high polymers such as 
polyacetylene, poly-p-phenylene; polyphenylene 
sulfide, polypyrrole; semiconductors such as Si, Ge; 
carbon; and graphite. 

[0045] Also, examples 0I the above electroconductive 
metal alloys include, but are not limited to, those formed 
of metals such as Pd, Ru, Ag, Cu, Tb, Cd, Fe, Pb, and 
Zn. 

[0046] On the other hand, regarding the organic ma- 
terial (2), a polymer material which readily forms graph- 
ite by heating is preferable. Specifically, polymer mate- 
rials of all-aromatics. or polyacryllonitryl are preferable. 
[0047] Also, from the perspective of forming film, it is 
preferable that the material itself or a precursor thereof 
be soluble in an organic solvent, and further that the ma- 
terial is comprised of a heat-resistant polymer. Accord- 
ingly, an all-aromatic polymer material which is itself sol- 
uble is particularly preferable. 

[0048] Examples of the all-aromatic polymer material 
suitably used with the present invention include polyim- 
ide, polybenzoimidazole, polyamideimide, and so on. 
Materials other than the above-mentioned may also be 
used, as long as these satisfy the above conditions. 
[0049] Graphite is preferable for the element accord- 
ing to the present invention, as it is effective regarding 
life, electric discharge, cathode destruction due to un- 
controlled emission, and so forth. 

<Description of the method for manufacturing 
cathodes> 

[0050] An example of the method for manufacturing 
cathodes according to the present invention will be de- 
scribed with reference to Figs. 1A-1B and 2. Figs. 2A- 
2D bear the same reference numerals for parts that are 
equivalent to those shown in Fig, 1. Fig. 1A is a plan 
view illustrating the configuration of a cathode according 
to the present invention, and Fig. IB is a cross-section 
thereof. Figs. 2A-2D are schematic diagrams illustrating 
an example of the process for manufacturing the cath- 
ode according to the present invention. 
[0051] 1 ) The substrate 1 is thoroughly cleansed us- 
ing detergent, pure water and an organic solvent, and 
so forth, and electrode material is laid thereupon by vac- 
uum deposition, sputtering, etc., following which the 
electrodes 2 and 3 are formed on the substrate 1 using 
photolithography, for example (Fig. 2A). 



[0052] Now. this example has been described using 
the photolithography method, but the method for form- 
ing the electrodes is not restricted to this; rather, the ink- 
jet method, printing, or other methods may be used. Par- 

s ticularly, offset printing method allows formation over 
large areas with high precision, and is thus preferable. 
[0053] 2) Now. a mixed fluid 6 prepared by mixing (dis- 
persing) a solvent comprised of N,N-dimethyl acetoam- 
ide, fine graphite particles, poly(pyromellitamic acid 

10 dimethylester) is applied to the substrate 1 upon which 
the electrodes 2 and 3 are provided, using a spinner 
(Fig. 2B). 

[0054] Incidentally, this description uses the fine 
graphite particles as the electroconductive material (1); 

IS however, other fine particle materials can be selected 
from the above-mentioned examples for the electrocon- 
ductive material (1 ) and used instead of the above elec- 
troconductive fine graphite particles. 
[0055] The particle diameter of the electroconductive 

20 fine particles whbh can be used with the present inven- 
tion is within a range of 1 0^irn or smaller, and more pref- 
erably, within a range of 1|im or smaller Also, the ex- 
ample given here involves using electroconductive fine 
particles. However, material is also preferably used 

25 which is capable of forming the above-described elec- 
troconductive material (1 ) by the heating processing in 
the next process, instead of the fine particles. Organic 
metal compounds such as organic metal complexes of 
the metals listed as examples of the electroconductive 

30 material (1 ) may be used. 

[0056] Further the example given here uses poly(py- 
romellitamic acid dimethylester). This material is a pre- 
cursor for forming the polyamide which is one of the 
above-mentioned organic materials (2), by the heating 

35 processing in the next process. 

[0057] Other preferable examples of nnaterials which 
can fomn polyamides by heating (i.e., precursors) in- 
clude all -aromatic polyamic acid diesters such as 
polyamic acid dimethylester comprised of biphenyl tet- 

40 racarboxylic acid bianhydrides and paraphenylene di- 
amine. 

[0058] Also, in the case of using polybenzoimidazole 
as the above organic material (2), all-arorratic polyben- 
zoimidazoles can be suitably used. An example of all- 

45 aromatic polybenzoimidazoles is, e.g., 2,2'-{m-phe- 
nylene)-5,5'-bibenzoimidazole, or the like. 
[0059] In the case of using polyamideimide as the 
above organic material (2), all-aromatic polyamideim- 
ides can be suitably used. 

50 [0060] Further, in the case of using polyacryllonitrile 
as the above organic material (2), an solution of polyac- 
ryllonitrile dissolved in a medium (solvent) can be suit- 
ably used. 

[0061] Other examples of the above solvent (medium) 
55 preferably used include N,N-dimethyl acetoamide, N- 
methyl-2-pyrolidone, dimethyl sulfoxide. 
[0062] Thus, this process is a process of applying a 
liquid (a mixed fluid) comprised of: the above electro- 
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conductive material (1 ) or a precursor to an electrocon- 
ductive material (e.g.. an organic metal compound) 
which will become the electroconductive material (1) by 
heating in the next step; and the above organic materia! 
(2) or a precursor to an organic material which will be- 
come the organic material (2) by heating In the next step; 
mixed in a solvent. 

Incidentally, in the event that the ink-jet method is used 
tor the present process, the above mixed fluid serves as 
the ink. 

[0063] Also, through the above description involves 
an example wherein a spinner (rotating deposition) is 
used as the method of applying the above mixed fluid, 
but the method of applying the mixed fluid is not restrict- 
ed to such; rather, the ink-jet method, printing, disper- 
sion application, dipping, or other methods may be 
used. 

[0064] Particularly, the ink-jet method is extremely 
preferable, since the process tor patteming the electro- 
conductive organic film can be omitted. Preferable ink- 
jet methods are: the bubble-jet (BJ) method wherein 
heat-generating resistor elements are set inside the 
nozzles, and the heat generated thereby causes the flu- 
id to boil, the pressure thereof ejecting droplets of the 
fluid; or the piezo-jet (PJ) method wherein electrical sig- 
nals are applied to piezo device, causing the device to 
deform, thereby causing excitation in the volume 
change of the liquid container, thereby ejecting droplets 
of the fluid; or other such methods, whereby droplets of 
the above mixed fluid are ejected, consequently apply- 
ing the droplets of the above mixed fluid at positions 
where the electroconductive organic film should be 
formed- 

[006S] Figs. 18A-18B are schematic diagrams illus- 
trating an ink-jet head (discharging device) used with 
the ink-jet method. Fig. 18A illustrates a single-nozzle 
head 21 which has a single eject nozzle 24. Fig. 18B 
illustrates a multi-nozzle head 21 which has a multiple 
eject nozzles 24. Using multi-nozzle heads is particular- 
ly preferable, since the amount of time necessary for ap- 
plying the above mixed fluid onto the substrate can be 
reduced in the event of forming multiple devices on the 
substrate. In Figs. 18A-18B. reference numeral 22 de- 
notesaheaterorpiezodevice. 23 denotes an ink (mixed 
fluid) channel, 25 denotes an ink (mixed fluid) supplying 
portion, and 26 denotes an ink (mixed fluid) pool. An ink 
(mixed fluid) tank is provided at a position removed from 
the head 21 , and the above tank and head 21 are con- 
nected at the ink supplying portion 25 via a tube. 
[0066] 3) Next, the mixed fluid 6 applied onto the sub- 
strate 1 is subjected to a heating and baking process, 
wherein the solvent is evaporated, and also an electro- 
conductive organic film 4 including polyimide and graph- 
ite fine particles is formed (Fig. 2C). Incidentally. 
[0067] Fig. 2C indicates the state following patteming. 
A known method such as lift-off is used for the pattem- 
ing. Also, using the ink-jet method as described allows 
patteming to be performed in the same manner as the 



case wherein the mixed fluid 6 is applied on the sub- 
strate as shown in Fig. 2B. According to this process, 
an electroconductive organic film 4 having 1 0^ to 1 0^ £2/ 
□ in sheet resistance is formed as described above. 
5 [0068] 4) Next, the forming process is performed. The 
method of forming process will now be described. The 
substrate formed by the above processes 1 ) through 3) 
is set in a vacuum processing apparatus such as shown 
in Fig. 4. Voltage is then applied between the electrodes 
10 2 and 3, in a vacuum of around 1 0"® Pa, for example. 
[0069] Causing a current to flow through the electro- 
conductive organic film 4, thereby fomning an electron 
emission portion 5 with a changed structure, on a portion 
of the electroconductive organic film 4 (Fig. 2D). This 
is electrical forming forms a portion on the electroconduc- 
tive organic film 4 where the structure is locally de- 
stroyed, deformed, or altered, this portion comprising 
the electron emission portion 5. More specifically, a gap 
is formed at a portion of the electroconductive organic 
20 film 4 by this forming process. In further detail, of the 
organic material (3) comprising the electroconductive 
organic film 4, the organic material (3) facing the above 
gap 7 and that near the gap 7 is carbonized, thereby 
forming a carbonized region 8 comprises graphite and/ 
25 or amorphous carbon. Also, though the gap 7 is depicted 
as being the same width and linear in Figs. 1 A-1 B and 
2D, this is only a schematic representation. The actual 
form may be such that the gap 7 meanders or changes 
in width (gap distance) from one portion to another Also, 
30 the form of the above carbonized area 8 may also me- 
ander as with the gap. shown in Fig. 1 , so this has also 
been represented schematically. 
[0070] Also, in Figs. 1A and IB, the gap 7 has been 
schematically depicted as being completely separated 
35 from the electroconductive organic film 4 in the width 
(W) direction of the electrodes 2 and 3. However, de- 
pending on the forming conditions and the like, the gap 
7 may not be completely separated from the electrocon- 
ductive organic film 4, and may be partially connected 
40 thereto. However, even in the event that there is some 
partial connection, the portion actually connected is 
small, so in the present Specification, the term "gap" 7 
includes such partially connected areas, as well. 
[0071] Figs. 3A-3D illustrate examples of the voltage 
45 waveform used for the above forming process. 

[0072] The voltage waveform is preferably a pulse. 
Generally speaking, there is the method shown in Figs. 
3A and 3C wherein pulses are applied with the pulse 
peak value as the constant voltage, and the method 
so shown in Figs. 38 and 3D wherein voltage pulses are 
applied with the pulse peak value increasing. Though 
Figs 3A-3B show examples of pulses with the same po- 
larity, it is preferable to use bipolar pulses, as shown in 
Figs. 3C or 3D. Using such bipolar pulses causes the 
ss carbonization (becoming graphite or amorphous car- 
bon) to the electroconductive organic film at both side 
facing the gap 7 to progress at the same degree. Con- 
sequently, a device with more stability in electron emis- 
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sion properties can be obtained, as compared with pulse 
voltage having a single polarity such as shown in Figs. 
3A and 3B. 

[0073] The pulse width and pulse interval of the volt- 
age waveform Is denoted by T1 and T2 in Fig. 3A. Gen- 
erally. T1 is set within a range of 1 ^sec to 1 0 msec, and 
T2 Is set within a range of 10 ^isec to 100 msec. The 
peak value of a triangular wave (i.e., the peak voltage 
during forming process) should be appropriately select- 
ed according to the form of the device. Under such con- 
ditions, voltage is applied for a period of from several 
seconds to several tens of minutes. The pulse wavefonm 
is not restricted to triangular waves; rather, desired 
waveforms such as rectangular pluses may be used. 
[0074] The durations T1 and 12 in Fig. 3B may be the 
same as those shown in Fig. 3A. The peak value of the 
triangular wave (the peak voltage during electrical form- 
ing) may be Increased in steps of around 0.1 V, for ex- 
ample. 

[0075] Completion of the electrical forming can be de- 
tected by applying a voltage which is not great enough 
to locally destroy or deform the electroconductive organ- 
ic film 4 during the pulse interval T2, and measuring the 
current. For example, the device current flowing due to 
voltage application of around 0,1 V is measured the re- 
sistance value is calculated, and the electrical forming 
is completed at the point that the resistance value reach- 
es 1 MO or greater. 

[0076] Also, there are cases wherein the present in- 
vention preferably has an organic film 8 on the electro- 
conductive organic film 4, as shown in Fig. 16A-16B. 
Figs. 16A is a schematic diagram showing a plan view, 
and 1 68 is a cross-sectional view of Fig. 1 6A. An exam- 
ple of a method for manufacturing this device Is sche- 
matically shown in Figs. 17A-17F. Figs. 17A-17C com- 
prise the same process as Figs. 2A-2C, so description 
thereof will be omitted here. This method further has the 
following processes 3') and 3") between processes 3) 
and 4) described above. 

[0077] 3*) A solution 9 Including polymers making up 
the organic film 8, or a solution 9 Including precursors 
to the polymers making up the organic film 8. is further 
applied onto the electroconductive organic film 4 formed 
in the previous process 3) (Fig. 17D). Application of this 
solution 9 is particularly preferably conducted by the ink- 
jet method. When using the ink-jet method for applica- 
tion thereof, it is further preferable to apply this so as to 
have the same diameter as the electroconductive or- 
ganic film 4 created beforehand, In particular Even 
more preferable is conducting application such that a 
film of the solution 9 is formed at a diameter smaller than 
the diameter of the electroconductive organic film 4 cre- 
ated beforehand, so that the required alignment preci- 
sion regarding the electroconductive organic film 4 
formed beforehand can be reduced. In the event that 
the application is carried out In such a manner, the di- 
ameter of the organic film 9 is smaller than the diameter 
of the electroconductive organic film 8. 



[0078] It is preferable that the above polymers be ei- 
ther one of the organic materials (3) listed above, or a 
precursor thereof which becomes the organic material 
(3) due to the heating process in the subsequent step 
5 3"). Specifically, it is preferable that the organic nnaterial 
included in the electroconductive organic film 4 and the 
organic material constituting the organic film 8 both be 
all-aromatic polyimides. 

[0079] 3") the solution applied in the previous process 
10 3') Is heated and baked so as to evaporate the solvent, 
thereby forming an organic film (heat-resistant polymer 
film) 8 upon the electroconductive organic film 4 (Fig. 
17E). 

[0080] Then, as necessary, patterning of the above 
75 heat-resistant polymers Is performed. Performing the 
above application in process 3') by the above-described 
ink-jet method is preferable, since this patterning proc- 
ess can be omitted. Also, in the event that a solution 
including precursors to the heat-resistant polymer is 
20 used in the process 3'), this process evaporates the sol- 
vent and also changes the precursors Into the heat-re- 
sistant polymers. 

[0081] The subsequent process is the same as the 
above-described process 4). Causing a current flow 

25 through the electroconductive organic film 4 in process 
4) not only forms the gap 7 In the electroconductive or- 
ganic film 4, but also In the heat-resistant polymer film 
8 (Fig. 17F). Further, in the same manner as with the 
above formation of the gap 7, the portion of the heat- 

30 resistant polymer film (organic film) 8 facing the gap 7 
and the portion of the electroconductive organic film 4 
facing the gap 7 are carbonized. Here, the term "car- 
bonized" refers to becoming graphite and/or amorphous 
carbon. Covering the electroconductive organic film 4 

35 formed by the above processes 2) and 3) with heat-re- 
sistant polymers such as polyimide in the processes 3') 
and 3") improves the heat-resistance of the electrocon- 
ductive organic film. Also, in order to perform the forming 
process, the electroconductive organic film 4 must have 

40 the above-described electroconductlvlty. Accordingly, 
depending on conditions, sufficient conversion to graph- 
ite and/or amorphous carbon for obtaining excellent 
electron emission properties cannot be obtained In the 
above forming process. In such cases, the degree of 

45 carbonization is preferably controlled by forming a layer 
of organic film such as shown in Figs. 16A-16B. 

<Cathode properties> 

so [0082] Fig. 4 is a schematic diagram Illustrating an ex- 
ample of a vacuum processing apparatus, which also 
serves as a measurement evaluating device. In Fig. 4, 
reference numeral 1 schematically denotes an insulat- 
ing substrate, 2 and 3 denote electrodes, 4 denotes an 

55 electroconductive organic film, and 5 denotes an elec- 
tron emission portion. Further, 41 denotes a power 
source for applying voltage to the device, 40 is an am- 
meter for measuring the device current If. 44 is an anode 
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electrcxJe of measuring the emission current le gener- 
ated by the device, 43 is a high-voltage power source 
for applying voltage to the anode electrode 44. and 42 
is an ammeter for measuring the emission current. For 
measuring the device current If and the emission current 
le, the power source 41 and ammeter 40 are connected 
to the electrodes 2 and 3, and the anode electrode 44 
to which the power source 43 and the ammeter 42 have 
been connected is positioned above the cathode. Also, 
the cathode and the anode electrode 44 are positioned 
within the vacuum apparatus 45, with an vacuum pump 
46 and unshown vacuum meter being provided thereto, 
so that the measurement and evaluation of the device 
can be performed under a desired vacuum. Incidentally, 
with the present example, the distance between the an- 
ode electrode and cathode was set at 4 mm, the poten- 
tial of the anode electrode at 1 kV, and the pressure with- 
in the vacuum apparatus at the time of measuring elec- 
tron emission properties at 1 .3 x 10^^ Pa. 
[0083] The cathode according to the present inven- 
tion has electron emission properties such as schemat- 
ically shown in Fig. 5. The electron emission properties 
can be controlled by the pulse peak value and width of 
the pulse voltage applied between the opposing elec- 
trodes 2 and 3, at the threshold voltage (Vth) or higher. 
On the other hand, almost no electrons are emitted be- 
low the threshold voltage. According to these properties, 
even in cases wherein a great number of cathodes are 
arrayed, appropriate application of the pulse voltage to 
each device causes the cathodes according to the 
present Invention to be selected according to input sig- 
nals, thereby controlling the amount of electron emis- 
sion. 

[0084] Various arrangements may be employed re- 
garding the cathode array. One example Is a ladder- 
shaped array wherein a great number of cathodes ar- 
rayed in a parallel manner are connected at each end, 
a great number of cathode rows are arrayed (referred 
to as the "row direction"), control electrodes are posi- 
tioned above the cathodes in a direction orthogonal to 
the wiring thereof (referred to as "column direction"), 
thereby forming what Is known as a "grid", wherein con- 
trolled driving is performed regarding the electrons from 
the cathodes. 

[0085] Another arrangement is to array a plurality of 
cathodes in the X-direction and Y-direction In a matrix 
form, wherein one of the electrodes of each of the mul- 
tiple cathodes arrayed in the same row are connected 
to a common wire in the X-direction, and the other elec- 
trode of each of the multiple cathodes arrayed in the 
same row are connected to a common wire in the Y-dl- 
rectlon. This arrangement is called a simple matrix ar- 
ray. First, this simple matrix array will be described in 
detail below. 

<Electron source substrate> 

[0086] An electron source substrate obtained by ar- 



raying a plurality of cathodes according to the Invention 
based on this principle will be described with reference 
to Fig. 6. In Fig. 6, reference numeral 61 denotes an 
electron source substrate, 62 denotes X-directional 

5 wires, and 63 denotes Y-directional wires. Reference 
numeral 64 denotes the cathodes according to the 
present invention, and 65 denotes connections connect- 
ing to the Y-directional wires 63. 
[0087] There are an m number of the X-dlrectlonal 

10 wires 62 Dx^, Dx2, and so on through Dx^^, and these 
may be formed of an electroconductive metal or the like 
using vacuum vapor deposition, printing, sputtering, or 
the like. The material, thickness, and width of the wires 
should be designed as appropriate for the use. There 

IS are an n number of the Y-directional wires 63 Dyi , Dy2, 
and so on through Dyn, formed In the same manner as 
the X-directional wires 62. An unshown insulating layer 
is provided between the m number of X-directional wires 
62 and the n number of Y-directional wires 63, separat- 

20 jng the two electrically. Incidentally, It should be noted 
that in the above descriptbn, m and n both are positive 
integers. 

[0088] The above X-directional wires, Y-directional 
wires, and Insulating layer are preferably fonmed by 

25 printing method. More preferably is forming these by 
screen printing method, which Is suitable for forming 
such structures over a wide area at low costs. 
[0089] The unshown insulating layer is formed from 
SiOg or the like formed by vacuum vapor deposition, 

30 printing, sputtering, or the like. For example, the insu- 
lating layer Is formed in a desired shape over all or part 
of the area of the substrate 61 on which the X-directional 
wires 62 are fomned, and the thickness, material, and 
manufacturing method thereof is appropriately set so as 

35 to be able to withstand the potential difference at the 
intersections between the X-directional wires 62 and Y- 
directional wires 63, in particular. The X-directional 
wires 62 and Y-directional wires 63 are each extracted 
as extemal terminals. 

40 [0090] The pair of electrodes (not shown) comprising 
the cathode 64 according to the present invention, an m 
number of X-directional wires 62, an n number of Y-di- 
rectional wires 63, and connecting lines 65 formed of an 
electroconductive metal or the like, are electrically con- 

45 nected. 

[0091] Part or all of the component elements making 
up the material making comprising the X-directional 
wires 62 and Y-directional wires 63, the material com- 
prising the connecting lines 65, and the materia! com- 

50 prising the pair of electrodes 2 and 3 may be the same, 
or all may be different. These materials are appropriate- 
ly selected from the above-described materials for the 
electrodes 2 and 3. In the event that the material com- 
prising the electrodes and the material comprising the 

55 wires are the same material, the wires coming Into con- 
tact with the electrodes themselves also may be de- 
scribed as electrodes. 

[0092] Scanning signal applying means, not shown in 
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the drawings, are connected to the X-directional wires 
62, for applying scanning signals tor selecting the line 
of cathodes 64 arrayed in the X-direction. On the other 
hand, modulating signal generating means, not shown 
in the drawings either, are connected to the Y-directional 
wires 63, for modulating each column of cathodes 64 
arrayed in the Y-direction according to input signals. The 
driving voltage applied to each for the cathodes is sup- 
plied as the difference voltage of the scanning signals 
and modulating signals applied to the devices. 
[0093] With the above configuration, a simple matrix 
wiring arrangement can be used to select individual de- 
vices, and individually drive each. 

<Display panel> 

[0094] An image forming apparatus constructed using 
such an electron source comprised of a simple matrix 
array will now be described with reference to Figs. 7 
ihrough 9. Fig. 7 is a schematic diagram illustrating an 
example of a display panel of an image forming appa- 
ratus, Figs. 8A-8B are schematic diagrams illustrating 
an example of a fluorescent film used in the image form- 
ing apparatus shown in Fig. 7, and Fig. 9 is a block di- 
agram illustrating an example of a driving circuit for dis- 
playing images on an Image forming apparatus accord- 
ing to NTSC television signals. 

[0095] In Fig. 7, reference numeral 61 denotes an 
electron source substrate whereupon a plurality of cath- 
odes according to the present invention are arrayed, 71 
denotes a rear plate for fixing the electron source sub- 
strate 61, and 76 denotes a face plate wherein a fluo- 
rescent film 74, metal backing 75, and the like are 
formed on the inner side of a glass substrate 73. Refer- 
ence numeral 72 a supporting frame, with the rear plate 
71 and face plate 76 being connected to the supporting 
frame 72 using frit glass or the like of an adhesive agent. 
Reference numeral 78 denotes an envelope which is 
sealed and constructed by baking for 10 minutes or 
more in an ambient atmosphere or In nitrogen at tem- 
peratures within a range of 400 to 500'C. The face plate 
76 Is constructed of a fluorescent film 74 and metal 
backing 75 below a glass substrate 73 formed of glass 
or the like. 

[0096] Also, the cathode 64 is equivalent to the cath- 
ode according to the present Invention. Reference nu- 
merals 62 and 63 are the X-directional wires and Y-di- 
rectional wires connected to the pair of electrodes of the 
cathode according to the present invention. 
[0097] The envelope 78 Is, as described above, com- 
prised of a face plate 76, supporting frame 72, and rear 
plate 71 . The rear plate 71 Is mainly provided to supple- 
ment the strength of the substrate 61 , so In the event 
that substrate 61 itself has sufficient strength, a sepa- 
rate rear plate 71 may be omitted. That is, an arrange- 
ment may be used wherein the supporting frame 72 is 
directly sealed to the substrate 61 , thus comprising the 
envelope 78 of the face plate 76, supporting frame 72, 



and substrate 61. On the other hand, an envelope 78 
with sufficient strength regarding atmospheric pressure 
can be configured by providing an unshown supporting 
member called a spacer between the face plate 76 and 

5 rear plate 71. 

[0098] Fig. 6 is a diagram illustrating the fluorescent 
film 74. The fluorescent film 74 can be comprised of a 
fluorescent member alone In the event of manufacturing 
a monochrome device. In the case of a color fluorescent 

10 film, the fluorescent film 74 can be formed of a black 
member 81 called black-stripe, black-matrix, or some 
other like name, and fluorescent members 82 for each 
color An object of providing the black-stripe or black- 
matrix is to subdue color mixing that occurs between 

75 each of the fluorescent members 82 for the three basic 
colors that become necessary for color display, by color- 
ing black between each o1 the fluorescent members 82. 
Another object Is to suppress deterioration in contrast 
due to reflection of external light at the fluorescent film 

20 74. Regarding the material for the black-stripe or black- 
matrix, commonly-used materials comprised mainly of 
black lead or other materials with little transmittance or 
reflection of light may be used. 
[0099] Sedimentation, printing, etc. can be used as 

25 methods for applying the fluorescent material to the 
glass substrate 73, regardless of monochrome or color 
Generally, a metal backing 75 is provided to the inner 
side of the fluorescent film 74. The object of providing 
this metal backing is to improve brightness by mirror- 

30 like reflecting of the light emitted inwards from the fluo- 
rescent member toward the face plate 76 side, and to 
serve as an electrode for applying the electron beam 
acceleration voltage, and also to protect the fluorescent 
member from damage due to collision of negative ions 

55 generated within the encasement, and so forth. The 
metal backing can be manufactured by performing a 
smoothing process (commonly referred to as "filming") 
on the inner side surface of the fluorescent film following 
fabricating the fluorescent film, and then depositing alu- 

40 minum using vacuum vapor deposition or the like while 
maintaining transparency 

[0100] Regarding the face plate 76, transparent elec- 
trodes (not shown) of ITO or the like may be provided 
to the outer side of the fluorescent film 74, to further im- 

45 prove the electroconductivity thereof. 

[0101] At the time of performing the above sealing, 
there is the need with color devices to correlate the flu- 
orescent members for each color with the cathodes, and 
sufficient positioning Is Indispensable. 

50 [0102] The image forming apparatus shown in Fig. 7 
is manufactured as described below, for example. 
[0103] First, properties checking is performed for 
each of the cathodes (electron-emitting devices) on the 
electron source substrate 61 upon which a great number 

55 of cathodes are arrayed, the above -described forming 
process having been completed. The properties check- 
ing is performed in a vacuum which is around the same 
as the atmosphere in which the forming was performed, 
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or a greater vacuum. An example of a specific check is 
to apply voltage to each device, and check the device 
current If flowing between the electrodes 2 and 3. Or, 
the emission current le being emitted form the device 
may be checked. At the same time, a check is performed 5 
for determining whether are not there are any pixel drop- 
outs on the face plate. In the event that the check shows 
no defects to be present, the electron source substrate 
61, face plate 76, and supporting frame 72 are assem- 
bled, and bonded as described above. IMext, the interior 
of the envelope 78 is reduced to a pressure of around 
1.3 X 10"^ Pa by means of a vacuunn pump via an un- 
shown exhausting tube, following which the exhausting 
tube is tipped off (sealing process). In order to maintain 
the pressure following tipping off the envelope 78, getter 
processing may be performed as well. This is a process 
which involves using resistance heat, high-frequency 
heat, etc. , to heat a getter positioned at a certain location 
(not shown) within the envelope 78, either immediately 
before sealing or after sealing, thereby forming an evap- 
oration deposition film. The getter commonly has Ba or 
the like as the main component thereof, and maintains 
the pressure by the adhesion effects of this evaporation 
deposition film. 

<Method of driving the display panel> 

[0104] Next, an example of configuring a driving cir- 
cuit for performing television display on the display pan- 
el configured using the simple matrix array electron 
source, based on NTSC television signals, will be de- 
scribed with reference to Fig. 9. In Fig. 9, reference nu- 
meral 91 denotes an image display panel, 92 denotes 
a scanning circuit, 93 denotes a control circuit, and 94 
denotes a shift register. Reference numeral 95 denotes 
a line memory, 96 denotes a synchronizing signal divid- 
ing circuit, 97 denotes a modulation signal generating 
circuit, and Vx and Va represent DC voltage sources. 
[0105] The display panel 91 is connected to the ex- 
ternal electrical circuits via terminals Dox^ through 
DoXn,, terminals Doy^ through Doy^, and high voltage 
terminal Hv. Scanning signals for sequentially driving 
the electron sources provided within the display panel, 
i.e., the surface conduction type cathode group in an M- 
row N-column matrix array, one row (N elements) at a 
time, are applied to the temninals Dox^ through Dox^. 
[0106] Applied to the terminals Doy^ through Doy^are 
modulation signals for controlling the output electron 
beam of each of the cathodes in the row selected by the 
scanning signals. A DC voltage of 10 kV, for example, 
is applied from the DC power source \^ to the high-volt- 
age terminal Hv, this being an acceleration voltage for 
providing sufficient energy to the electron beams emit- 
ted from the cathodes, to cause excitation of the fluo- 
rescent members. 

[0107] The scanning circuit 92 will now be described. 
The scanning circuit 92 comprises an M number of 
switching devices provided therein (schematically rep- 



resented in the drawings as through S^,). Each 
switching device selects either the output voltage of the 
DC voltage source Vx or zero V (ground level), and is 
electrically connected to the terminals Doxi through 
Dox^ on the display panel 91 . The switching devices 
through operate on control signals Tscan output from 
the control circuit 93, and can be configured by assem- 
bling switching devices such as FETs. 
[0108] In this arrangement, the DC voltage source Vx 
is set so as to output a constant voltage such that the 
driving voltage applied to elements not scanned based 
on the properties of the cathodes (i.e., electron dis- 
charge threshold voltage) is the same level as the elec- 
tron discharge threshold voltage or lower. 
[0109] The control circuit 93 has functions for rectify- 
ing the operation of each unit so that appropriate display 
is performed based on externally-input image signals. 
The control circuit 93 generates the Tscan and Tmry 
control signals for each unit based on the synchronizing 
signals Tsync, sent from the synchronizing signal divid- 
ing circuit 96. 

[0110] The synchronizing signal dividing circuit 96 is 
a circuit for separating synchronizing signal component 
and the brightness signal component from the NTSC tel- 
evision signals extemally Input. This can be configured 
using common frequency (filter) circuits or the like. The 
synchronizing signals separated by the synchronizing 
signal dividing circuit 96 are comprised of vertical syn- 
chronizing signals and horizontal synchronizing signals, 
but the synchronizing signals have been represented 
simply as Tsync signals here, for facilitating simplicity In 
the description. For the same reason, the image bright- 
ness signals separated form the television signals have 
been represented as DATA signals. The DATA signals 
are input to the shift register 94. 
[0111] This shift register 94 is for performing serial / 
parallel conversion for each image line of the DATA sig- 
nals serially input in time-sequence, and operates 
based on the control signals Tsft sent from the control 
circuit 93 (i.e., it can be said that the control signals Tsft 
are the shift clock of the shift register 94). The data of 
one image line (equivalent to the driving data for and N 
number of cathodes) which has been subjected to serial 
/ parallel conversion Is output from the shift register 94 
as an N number of parallel signals, Id^ through Id^. 
[0112] The line memory 95 is a storage device for stor- 
ing one line of image data for a certain amount of re- 
quired time only, and thus stores the contents of Id^ 
through Id^ as appropriate, based on the control signals 
Tmry sent from the control circuit 93. The stored con- 
tents are output as I'd^ through I'dn, and input to the 
modulation signal generator 97. 
[01 13] The modulation signal generator 97 is a signal 
source for performing appropriate driving modulation of 
the surface conduction type cathodes, according to 
each of the pieces of image data I'd^ through I'dj,, and 
the output signals thereof are applied to the surface con- 
duction type cathodes within the display panel 91 
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through the terminals Doy^ through Doyp. 
[01 1 4] As described above, the cathodes to which the 
present invention is applicable have the following basic 
properties regarding the emission current le. That is, 
there is a clear threshold voltage Vth for electron emis- s 
sibn, and electron emission only occurs in the event that 
a voltage of Vth or greater is applied. At voltages of the 
electron emission threshold or greater, the emission cur- 
rent changes according to change in the voltage applied 
to the elements. 

[0115] Thus, in the event of applying voltage in the 
form of pulses to the elements, applying a voltage small- 
er than the electron emission threshold (Vth) for exam- 
ple causes no electron emission, but applying a voltage 
equal to or greater than the electron emission threshold is 
(Vth) for example causes an electron beam to be output. 
At this time, the intensity of the output electron beam 
can be controlled by means of changing the peak value 
Vm of the pulses. Also, the total volume of the charge 
of the output electron beam can be controlled by chang- 20 
ing the pulse width Pw. 

[0116] Accordingly voltage modulation and pulse 
width modulation are methods which can be employed 
as methods for modulating the cathodes according to 
input signals. In the event of executing the voltage mod- 2S 
ulation method, a voltage modulating circuit, which gen- 
erates voltage pulses of a constant length, and modu- 
lates the peak value of the pulses as appropriate ac- 
cording to the Input data, can be used as the modulation 
signal generator 97. 30 
[0117] In the event of executing the pulse width mod- 
ulation method, a pulse width modulating circuit, which 
generates voltage pulses of a constant height, and mod- 
ulates the width of the pulses as appropriate according 
to the input data, can be used as the modulation signal 35 
generator 97. 

[0118] The shift register 94 and line memory 95 may 
either be designed for digital signals or analog signals. 
All that is required thereof is that serial /parallel conver- 
sion and storage of the image signals be performed at 
the stipulated speed 

[0119] In the case of using digital signal types, there 
is the need to digitize the output signals DATA from the 
synchronizing signal dividing circuit 96, but this can be 
achieved by providing an A/D converter at the output of 
the synchronizing signal dividing circuit 96. In related 
matters, the circuit used tor the modulation signal gen- 
erator 97 differs somewhat depending on whether the 
output signals from the line memory 95 are digital sig- 
nals or analog signals. That is, in the event of performing so 
voltage modulation using digital signals, a D/A conver- 
sion circuit for example is used for the modulation signal 
generator 97, with amplification citrates or the like being 
added as necessary. In the event of the pulse width 
modulating method, the circuit used for the modulation s$ 
signal generator 97 Is comprised of a combination of a 
high-speed oscillator and a counter for counting the 
number of waves output from the high-speed oscillators, 



and a comparator for comparing the output value of the 
counter with the output value of the memory. I! neces- 
sary, an amplifier for amplifying the voltage of the pulse- 
width modulated signals output from the comparator to 
the voltage for driving the surface conduction type cath- 
odes, may be provided. 

[0120] In the case of voltage modulation using analog 
signals, an amplifier circuit using an operational amp 
may be employed for the modulation signal generator 
97, with a level shifting circuit added if necessary. In the 
case of pulse width modulation, a voltage control oscil- 
lating circuit (VCO) can be used for example, with an 
amplifier for amplifying the voltage of the pulse-width 
modulated signals to the voltage for driving the surface 
conduction type cathodes. 

[0121] With an Image display apparatus to which the 
present invention is applicable and which can have such 
a configuration, electron emission Is generated by ap- 
plying voltage to each of the cathodes via the terminals 
Doxi through Dox„ and terminals Doy^ through Doy^ 
that are outside of the encasement. A high voltage is 
applied to the metal backing 75 or transparent electrode 
(not shown) via the high-voltage temrilnal Hv, thereby ac- 
celerating the electron beam. The accelerated electrons 
collide with the fluorescent film 84, generating light and 
thereby forming an Image. 

[0122] It should be noted that the configuration of the 
image forming apparatus described here is only an ex- 
ample of an image forming apparatus to which the 
present Invention Is applicable, and that various altera- 
tions can be made based on the technological Idea of 
the present invention. While NTSC signals have been 
described as the Input signals, the present invention is 
by no means restricted to such; rather, various other 
types may be used with the present Invention, such as 
PAL SACAM, and further, television signals with even, 
greater numbers of scanning lines (e.g., high-definition 
television such as MUSE) may be employed, as well. 

<Ladder-array electron source and image forming 
apparatus> 

[0123] Next, the ladder-array electron source and Im- 
age forming apparatus will be described with reference 
to Fig. 10 and Fig. 11. 

[0124] Fig. 10 is a schematic diagram illustrating an 
example of a ladder-array electron source. In Fig. 10, 
reference numeral 100 denotes an electron source sub- 
strate, and 101 denotes cathodes. Dxi through Dxio^e- 
noted by reference numeral 102 are common wires for 
connecting the cathodes 101 . Multiple cathodes 101 are 
arrayed on the electron source substrate 100 in a par- 
allel manner in the X-direction (referred to as "device 
line"), thereby fomning the electron source. Applying 
driving voltage between the common wires for each de- 
vice line allows i3ach device line to be driven independ- 
ently. That Is, a voltage equal to or greater than the elec- 
tron emission threshold voltage is applied to the device 
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lines from which emission of electron beams is desired, 
and a voltage smaller than the electron emission thresh- 
old voltage is applied to the device lines from which 
emission of electron beams is not desired. With regard 
to the common wires Dxg through Dxg, Dxg and DX3 
might share a single wire, for example. 
[0125] Fig. 11 is a schematic diagram illustrating an 
example of the configuration of a display panel of an im- 
age forming apparatus with a ladder array electron 
source. Reference numeral 110 denotes grid elec- 
trodes, 1 1 1 denotes holes for electrons to pass through, 
and 112 denotes terminals Dox^, D0X2, and so on 
through Dox^, outside the envelope 78. Reference nu- 
meral 113 denotes grid terminals G^, G2, and so on 
through G^, outside the envelope 78, connected to the 
gnd 110. In Fig. 11, the same reference numerals as 
those shown in Figs. 7 and 10 are given to the same 
parts. The major difference between the image forming 
apparatus shown here and the simple matrix array im- 
age forming apparatus shown In Fig. 7 is whether or not 
there are the grid electrodes 110 between the electron 
source substrate 100 and the face plate 76. 
[01 26] I n Fig. 1 1 , grid electrodes 1 1 0 are provided be- 
tween the electron source substrate 100 and the face 
plate 76. The grid electrodes 110 are for modulating the 
electron beam emitted from the cathodes. One round 
opening 1 1 1 is provided corresponding with each cath- 
ode, in order to allow the electron beams to pass through 
stripe-shaped electrodes provided in an orthogonal 
manner with the ladder-array device rows. The form and 
position of the grid is not restricted to that shown in Fig. 
11. For example, a mesh-like arrangement of many 
holes may be provided for the openings, or the grid may 
be placed around or near the devices. 
[0127] The terminals 112 outside the envelope, and 
the grid terminals 113 outside the envelope are electri- 
cally connected to an unshown control circuit. 
[0128] With the image forming apparatus according 
to the present invention, one line of modulated signals 
is applied to a grid electrode column in a simultaneous 
and synchronous manner with sequential driving (scan- 
ning) of one column of device rows. Accordingly, irradi- 
ation of each electron beam to the fluorescent member 
can be controlled: thereby displaying the image one line 
at a time. 

[01 29] The image forming apparatus according to the 
present example can be used as display apparatuses 
for television broadcasting, television conference sys- 
tems, display devices for computers and the like, and 
so forth, and can further be used as image forming ap- 
paratuses for photo-printers configured using photosen- 
sitive drums and the like, and so forth. 
[0130] The following is a detailed description of the 
present invention with reference to examples, but it 
should be understood that the present invention is not 
restricted to these examples, and encompasses all 
component substitutions and design changes made 
thereto, within the scope of achieving the objects of the 



present invention. 
<First example> 

s [0131] A cathode such as shown in Figs. 1 A and IB 
was manufactured as the cathode according to the 
present example. Fig. 1 A is a schematic plan view illus- 
trating the configuration of a cathode according to the 
present invention, and Fig. 1 B is a schennatic represen- 

10 tation of a cross-section thereof. In Figs. 1A-1B, refer- 
ence numeral 1 denotes an insulating substrate, 2 and 

3 denote electrodes for applying voltage to the device, 

4 denotes an organic film having electroconductivity, 5 
denotes an electron emission portion, and 7 denotes a 
gap. Incidentally, in the Figure, L represents the spacing 
between electrode 2 and electrode 3, and W represents 
the width of the electrodes. 

[01 32] The method for manufacturing the cathode ac- 
cording to the present example will be described, with 

20 reference to Fig. 2A-2D. 

[01 33] 1 ) A quartz substrate was used as the insulat- 
ing substrate 1 , which was sufficiently cleansed using 
detergent, pure water, and organic solvent, following 
which electrodes 2 and 3 were formed of platinum on 

2S the surface of this substrate 1 (Fig. 2A). At this time, the 
spacing L between the electrodes 2 and 3 was 10 |im, 
the width W of the electrodes 2 and 3 was 500 ^im, and 
the thickness d thereof was 100 nm. 
[0134] 2) Next, using 10 g of N,N-dimethyl acetoam- 

30 ide as a solvent, 0.3 g of fine carbon particles (SAF-HS, 
manufactured by Tokai Carbon) were used as the elec- 
troconductive material (1), and 0.5 g of poiy(pyromelli- 
tamic acid dimethylester) was used as a precursor for 
the organic material (2). These mixed to prepare a 

35 mixed fluid. The mixed fluid 6 was then applied on the 
substrate 1 upon which the electrodes 2 and 3 had been 
formed, using a spinner (Fig. 28). 
[0135] 3) The substrate 1 with the mixed fluid.6 ap- 
plied thereupon was subjected to thermal treating for 15 

40 minutes in an oven at 350'*C, thereby evaporating the 
solvent, consequently forming an electroconductive or- 
ganic film 4 comprising carbon within a polyimide film 
(Fig. 2C). The resistance value of the formed electro- 
conductive organic film 4 was 10* CiJD in sheet resist- 

45 ance, and the thickness of the film was 100 nm. 

[0136] 4) Next, the forming process was performed. 
The substrate was placed within the vacuum processing 
apparatus shown in Fig. 4, and a current was caused to 
flow through the electroconductive organic film 4, using 

50 a power source 51 . Consequently, a gap 7 was formed 
at a portion of the electroconductive organic film 4 (Fig. 
2D). The area 8 near this gap 7 comprises the electron 
emission portion 5. 

[0137] Examining the area 8 near the electron emis- 
55 sion portion 5 using Raman spectroscopy revealed that 
graphite had been formed at the portions facing the gap 
7 and the portions near the gap 7. It is believed that this 
graphite was formed by the polyimide making up the 
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above electroconductive organic layer being graph ite- 
ized (carbonized). Incidentally, in reality, the border be- 
tween the carbonized area 8 and the area 4 of the elec- 
troconductive organic layer is not defined as a clear line 
such as shown in Figs. 1 and 2. Actually, the carbonized 
area 8 and the area 4 of the electroconductive organic 
layer are intermingled at the border. The border has 
been represented as a clear line here for facilitating 
ease of description. Also, the measurennent results 
showed that amorphous carbon also existed, in addition 
to the graphite. 

[01 38] Fig. 3A shows an example of the voltage wave- 
form used in the electrical forming. In Fig. 3A, T1 and 
12 denote the pulse width and pulse interval ot the volt- 
age waveform, and in the present example, T1 is set at 
1 msec, T2 at 10 msec, the peak value of the triangular 
wave (the peak voltage when forming) at 5V, and the 
pressure within the vacuum apparatus during the form- 
ing processing at 1 .3 X 1 0*^ Pa, and the processing was 
performed for 60 seconds. 

[01 39] The electron emission properties of the device 
manufactured such were measured with the measure- 
ment evaluation apparatus shown in Fig. 4. Device volt- 
age Vf was applied between the electrodes 2 and 3 of 
the cathode, and measuring the device current If and 
emission current le flowing at that time yielded the cur- 
rent/voltage properties shown in Fig. 5. 
[0140] A face plate 76 having the above-described flu- 
orescent film 74 and metal backing 75 was placed within 
the vacuum apparatus, instead of the anode electrode 
44. Electron emission from the electron source was per- 
formed in this state, resulting in a portion of the fluores- 
cent film generating light, with the intensity of the light 
changing according to the device current le, hence 
showing that the present device functions as a light emit- 
ting display device. 

[0141] Though the above-described example in- 
volves applying triangular wave pulses between the 
electrodes when forming the electron emission portions, 
thereby conducting electrical forming; however, the 
present invention is by no means restricted to triangular 
wave pulses to be applied between the electrodes 2 and 
3; rather, desired waveforms such as rectangular pulses 
can be used. Also, the wave peak, pulse width, pulse 
intervals, etc., are by no means restricted to the above 
values. Accordingly, desired wave peak, pulse width, 
pulse inten/als, etc. , can be selected as long as the elec- 
tron emitting portion is suitably formed. 

<Second example> 

[0142] The present example was formed in the same 
manner as the First example, except tor replacing the 
material comprising the mixed fluid 6 used therein. 
[0143] With the present example, 10 g of N,N-dime- 
thyl acetoamide were used as a solvent, 0.4 g of indium 
oxide (III) (manufactured by Kishida Kagaku) were used 
as the electroconductive material (1), and 0.5 g of poly 



(pyromellitamic acid dimethylester) was used as a pre- 
cursor for the organic material (2). The mixed fluid 6 
formed of these was then applied on the substrate 1 up- 
on which the electrodes 2 and 3 had been formed, using 

5 a spinner. A cathode was manufactured by forming per- 
formed in the same manner as with the First example, 
and it was shown that this cathode had electron emis- 
sion properties similar to those of the First example. 
[0144] Raman spectroscopy of the electron emitting 

10 portion 5 revealed that graphite had been formed at the 
area 8 of the electroconductive organic film 4 facing the 
gap 7 and the portions thereof near the gap 7, as with 
the First example. 

[0145] It is believed that this graphite observed in the 
15 present example was formed by the polyimide being 
carbonized by the forming process. 

<Thlrd example> 

20 [0146] The present example was formed in the same 
manner as the First example, except for replacing the 
material comprising the mixed fluid 6 used in the First 
example. 

[0147] Here, 10 g of N,N-dimethyl acetoamide were 
25 used as a solvent, 1 .6 g of an organic palladium complex 
was used as a precursor to the electroconductive ma- 
terial (1), and 0.5 g of poly(pyromellitamic acid dimeth- 
ylester) was used as a precursor for the organic material 
(2). The mixed fluid 6 fomned of these was then applied 
30 on the substrate 1 upon which the electrodes 2 and 3 
had been formed, using a spinner, and the forming was 
performed in the same manner as with the First exam- 
ple, thereby yielding a cathode. It was shown that this 
cathode had electron emission properties similar to 
35 those of the First example. 

[0148] Raman spectroscopy of the electron emitting 
portion 5 revealed that graphite had been formed at re- 
gion 8 of the electroconductive organic film 4 facing the 
gap 7 and the portions thereof near the gap 7. 

40 

<Fourth example> 

[0149] The present example replaced the material 
comprising the mixed fluid in the First example with an- 
45 other. Also, application of the mixed fluid was performed 
using the ink-jet method (bubble-jet method). 
[0150] With the present example, a mixed fluid of 1% 
polyamic acid dimethylester as a precursor for the or- 
ganic material (2), 1 .6% palladium acetate as a precur- 
50 sor for the electroconductive material (1 ), and N -methyl 
pyrolidone (NMP) as a solvent, were used. 
[0151] This mixed fluid was placed in a bubble-jet 
printer head BC-01 shown in Fig. 18, manufactured by 
Canon, external voltage was applied to the certain heat- 
hs ers 22 within the head, thus ejecting the mixed fluid 6 of 
amic acid methyl ester and palladium acetate onto the 
gap portion between the electrodes 2 and 3 on the 
quartz substrate. Ejection was repeated 3 times, with 
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the position of the head and substrate maintained. The 
droplets were approximately circular, with a diameter of 
approximately 90 ^im (Fig. 2B). 
[0152] Next, the substrate was heated in an oven in 
an ambient atmosphere at 350*0 for 30 minutes, there- 
by forming an electroconductive organic film 4 having 
palladium oxide and polyimide (Fig. 2C). 
[01 53] Next, the substrate with the electroconductive 
organic film 4 formed thereupon was placed in the vac- 
uum processing apparatus shown In Fig. 4, and voltage 
was applied between the electrodes 2 and 3 with a pow- 
er source 51 in a vacuum of 1 .4 x 1 0^ Pa or lower. This 
forming process caused electrical current to flow 
through the electroconductive organic film 4, thereby 
forming the gap 7 (electron emitting portion 5) (Fig, 2D). 
Observing the area 8 near the electron emitting portion 
5 with Raman spectroscopy revealed carbonization 
(amorphous carbon and/or graphite). Also, the above 
carbonized portion 8 was almost symmetrically formed 
across the gap 7. That is to say, with the gap 7 shown 
in Fig. 2D as the border, a generally-symmetrical car- 
bonized (amorphous carbon and/or graphite) area 8 
was formed at the portion of the electroconductive or- 
ganic film 4 facing the gap 7 to the right and the portion 
of the electroconductive organic film 4 facing the gap 7 
to the left. 

[01 54] Fig. 3D shows an example of the voltage wave- 
form used in the electrical forming. In Fig. 3D, T1 and 
T2 denote the pulse width and pulse inten/al of the volt- 
age waveform, and in the present example. T1 is set at 
1 msec, T2 at 10 msec, and the absolute value of the 
peak value of the pulse voltage was gradually raised 
from zero to 25 V. 

[01 55] The device thus manufactured was placed in 
the measurement evaluation apparatus shown in Fig. 4, 
the apparatus was exhausted to a vacuum of 1 .3 x 1 0-^ 
Pa or lower, and the electron emission properties there- 
of were then measured. 

[01 56] Device voltage was applied between the elec- 
trodes 2 and 3of the cathode, and measuring the device 
current If and emission current le flowing at that time 
yielded the current/voltage properties such as shown in 
Fig. 5. Also, the present example was capable of main- 
taining excellent electron emitting properties even when 
driven for prolonged periods of time, in comparison with 
the devices according to the first through third exam- 
ples. 

<Fifth example> 

[0157] With the present example, the mixed fluid in 
the Fourth example was replaced. Also, a piezoelectric 
ink-jet method was used. Otherwise, the present exam- 
ple is the same as the Fourth example. 
[0158] For the mixed fluid used with the present ex- 
ample, 0.06 g of Carbon Black fine particles were dis- 
persed in 1 0 g of an N-m ethyl pyrolidone solution of 1% 
polyamic acid dimethylester. The Carbon Black fine par- 



ticles were filtered beforehand so that only those with 
particle diameter of 1 \im or less were selected. 
[01 59] This mixed fluid was placed in a piezo-jet head, 
external voltage was applied, thus discharging the 
s mixed fluid between the electrodes 2 and 3, as with the 
Fourth example. Discharge was repeated 3 times, with 
the position of the head and substrate maintained. The 
droplets were approximately circular, with a diameter of 
approximately 85 ^m (Fig. 28). 
[0160] Next, the substrate was healed in an oven in 
an ambient atmosphere at 350°C for 30 minutes, there- 
by forming an electroconductive organic film 4 having 
Carbon Black particles and polyimide (Fig. 2C). 
[0161] Next, the substrate was placed in the vacuum 
processing apparatus shown in Fig. 4, and voltage was 
applied between the electrodes 2 and 3 with a power 
source 51 in a vacuum of 1 .4 X 10*5 Pa or lower This 
electrical forming caused electrical current to flow 
through the electroconductive organic film 4, thereby 
forming the electron emitting portion 5 (Fig. 2D). Ob- 
serving the area 8 near the electron emitting portion 5 
with Raman spectroscopy revealed carbonization 
(amorphous carbon and/or graphite). Also, the above 
carbonized (amorphous carbon and/or graphite) portion 
8 was almost symmetrically formed across the gap 7, 
as with the Fourth example. Fig. 3D shows an example 
of the voltage waveform used in the electrical forming. 
In Fig. 3D, T1 and T2 denote the pulse width and pulse 
interval of the voltage waveform, and in the present ex- 
ample, T1 is set at 1 msec, T2 at 10 msec, and the ab- 
solute value of the peak value of the pulse voltage was 
gradually raised from zero to 25 V. 
[0162] The device thus manufactured was placed in 
the measurement evaluation apparatus shown in Fig. 4, 
the apparatus was exhausted to a vacuum of 1 .3 x 1 0"® 
Pa or lower, and the electron emission properties there- 
of were then measured. 

[01 63] Device voltage was applied between the elec- 
trodes 2 and 3 of the cathode^ and measuring the device 
current If and emission current ie flowing at that time 
yielded the current/voltage properties such as shown in 
Fig, 5. Also, the present example was capable of main- 
taining excellent electron emitting properties even when 
driven for prolonged periods of time. 

<Sixth example> 

[0164] With the present example, an electron source 
comprising an arrange of a great number of cathodes 
according to the present invention as manufactured. 
The electron source fabricated with the present example 
will be described with reference to Figs. 14 and 15. 
[01 65] 1 ) A 1 iim film of Si02 was formed on one side 
of soda-lime glass by sputtering. 
[0166] 2) Offset printing method was used to print 
1 ,000 by 5,000 sets of platinum electrodes 2 and 3 on 
the surface which upon the Si02 film was formed (Fig. 
14A). Now, in Figs. 14A through 15D, an example of 3 



15 



20 



25 



30 



35 



40 



45 



SO 



16 



29 



EP 0 986 085 A2 



30 



by 3 devices is shown to facilitate ease of understand- 
ing. 

[0167] 3) Next, screen printing method was used to 
form 5,000 column-direction wires 62 comprised mainly 
of Ag so as to connect the electrodes 2 in a common s 
manner (Fig. 14B). 

[0168] 4) Next, screen printing method was used to 
form 1 ,000 lines of the insulating layer 64 comprised 
mainly of Si02. in a direction orthogonal to the above 
column-direction wires 62. The insulating layer 64 has io 
openings 1 00 to allow the electrodes 3 to come into con- 
tact with the later<fescribed row-direction wires. Ac- 
cordingly, the insulating layer 64 has a comb-tooth form 
(Fig. 14C). 

[0169] 5) Then, screen printing method was used to ^5 
form 1,000 row-direction wires 63 comprised mainly of 
Ag, on the insulating layer 64. These row-direction wires 
63 are in contact with the electrodes 3 at the openings 
in the insulating layer 64. The width of the column-direc- 
tion tines is narrower than the width of the insulating lay- 20 
er64 (Fig. 15A). 

[0170] 6) Next, a mixed fluid was prepared, wherein 
a palladium amine complex and poly(pyromellitamic ac- 
id dimethylester) were mixed into N,N-dimethyI acetoa- 
mide. Now, as described above, the organic palladium 2S 
amine complex is a precursor for forming the Pd (elec- 
troconductive material (1)) in the subsequent heating 
process. Also, the poly(pyromeIlitamic acid dimethylest- 
er) is a precursor for forming the polyimide (organic ma- 
terial (2)) in the subsequent heating process. This mixed 
fluid 6 was applied using the ink-jet method soas to con- 
nect between each of the electrodes 2 and 3 (Fig. 15B). 
The bubble-jet droplet ejecting apparatus shown in Fig. 
18B was used in the present example for the ink-jet 
method. 

[0171] 7) Next, the mixed fluid applied between the 
electrodes 2 and 3 was heated and baked in the atmos- 
phere. This heading evaporated the solvent N,N-dime- 
thyl acetoamide. At the same time, this caused the poly 
(pyromellitamic acid dimethylester) to change into poly- 
imide. Further, the palladium amine complex changed 
to PdO. 

[0172] This process formed an electroconductive or- 
ganic layer 4 between each of the electrodes 2 and 3 
with a sheet resistance of 5 X 10^ I'XO and 100 nm in 
thickness (Fig. 15C). 

[0173] 8) Next, the substrate with the electroconduc- 
tive organic layer 4 formed thereupon was placed in a 
vacuum chamber. Then, voltage was applied to certain 
row-direction wires 63 and column-direction wires 62, 
so that electrical current flows through the electrocon- 
ductive organic layer 4 between the electrodes 2 and 3. 
The voltage waveform applied to the wires here is 
shown in Fig. 3D. This process created the gap 7 in the 
electroconductive organic layer 4. 
[0174] Obsen/ing the electroconductive organic layer 
4 facing the gap 7 and the electroconductive organic lay- 
er 4 near the gap 7 with a TEfV/l (transmission electron 



microscope) and U V Randan spectroscopy revealed ar- 
eas 8 of carbonization (amorphous carbon and/or 
graphite). Also, the above carbonized portion 8 was al- 
most symmetrically formed across the gap 7. That is to 
say, with the gap 7 in Fig. 2D as the border, a generally- 
symmetrical carbonized (amorphous carbon and/or 
graphite) area 8 was formed at the portion of the elec- 
troconductive organic film 4 facing the gap 7 to the right 
and the portion of the electroconductive organic film 4 
facing the gap 7 to the left. 

[0175] The electron source thus manufactured was 
placed in a vacuum atmosphere of 10*^ Pa, and an an- 
ode electrode was placed above. Driving each cathode 
yielded electron emitting properties with uniform prop- 
erties. 

[0176] With the present example, all components on 
the electron source substrate can be formed by printing 
(offset printing, screen printing, ink-jet). Accordingly, 
there is no need for a vacuum process, thereby reducing 
the need for massive equipment. Also, patterning is per- 
formed at the same time as forming the film on the sub- 
strate with each process, so the process was simplified 
greatly. 

[0177] Also, while conventional arrangement required 
two process for forming the gap 6 and forming the gap 
7 (i.e., forming of the carbon film 10), as shown in Figs. 
12 and 13, the element can be formed by formation of 
the gap 7 in the electroconductive organic film 4, thereby 
greatly simplifying the process. 
[0178] Also, there is no need for introduction of organ- 
ic material gas sen/ing as the ingredients for the carbon 
film 10 into the vacuum atmosphere, nor is there any 
need for the evacuation thereof, so the amount of time 
necessary for introduction and evacuation is reduced. 
[0179] Also, conventionally, a baking process was 
necessary to remove all residual organic gas from the 
ingredients for the carbon film 10 before driving the de- 
vice. However, with the present example, there is no 
need to performing a process for removing (baking) re- 
sidual organic material adhering to the substrate and de- 
vices, which goes with introduction of such organic ma- 
terial gas. 

<Seventh example> 

[0180] The present example illustrates an example of 
aflat panel display using the electron source fabricated 
in the Sixth example. The display shown schematically 
in Fig. 7 was manufactured as the present example. 
However, while the electron source substrate 61 and 
rear plate 71 are separate parts in Fig. 7, the electron 
source substrate also serves as the rear plate with the 
present example. 

[0181] The processes 1) through 8) were carried out 
in the same manner as with the Fourth example. With 
the present example, the substrate on which the cath- 
odes are formed is the rear plate. 
[0182] 9) In the same atmosphere wherein the gap 7 
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was created in the previous process 8), the properties 
of each of the devices on the electron source (rear plate) 
were then inspected. 

[0183] 10) An electron source substrate 61 (rear 
plate) regarding which each of the devices described in 
9) thereon have been judged to be free of abnormalities 
in electric properties and of defects (i.e., devices of 
passing quality), and a face plate 76 and supporting 
frame 72 which had been fabricated beforehand and 
passed inspection, were made to face one another, and 
positioning thereof was performed. Incidentally, bound- 
ing material is positioned beforehand at the portion 
where the supporting frame 72 comes into contact with 
the face plate 76 and the portion where the supporting 
frame 72 comes into contact with the rear plate (electron 
source) 61 . Frit glass was used in the present example. 
[01 84] 11) Heating the above bonding portions bond- 
ed and fixed (sealed) the face plate 76, supporting frame 
72, and the rear plate 61 , thereby forming the envelope 
78. 

[0185] 12) Next, the interior of the envelope 78 was 
exhausted to a vacuum of ^0r^ Pa via an unshown ex- 
haust tube, and the exhaust tube was sealed off (tipped 

off). 

[0186] The above-described driving circuit (Fig. 9) 
was connected to the envelope thus formed, thereby 
forming a flat panel display. Driving this display yielded 
an image with high uniformity and brightness. 

<Eighth example> 

[01 87] An image forming apparatus was formed basi- 
cally in the same manner as the Seventh example. 
[0188] For the mixed fluid 6 used with the present ex- 
ample, the mixed fluid used with the Seventh example 
was substituted with 0.06 g of graphite fine particles 
serving as an electroconductive material dispersed in 
10 g of an N-methyl pyrolidone solution of 1% polyamic 
acid dimethylester. Also, the Carbon Black fine particles 
were filtered beforehand so that only those with particle 
diameter of 1 |im or less were selected. 
[0189] Further, as with the Fifth example, this mixed 
fluid 6 was discharged with a piezo-jet head between 
the electrodes 2 and 3. The form of the formed electro- 
conductive organic film 4 was simlla? to that in the Fifth 
example. 

[0190] With the image forming apparatus fabricated 
according to the present example as well, an image 
forming apparatus with excellent brightness and uni- 
formity, and a long life span, was obtained. 

<Ninth example> 

[0191] With the present example, an electron source 
substrate wherein cathodes are wired in a matrix form, 
as shown schematically in Fig. 6, was used. As with the 
First example, a mixed fluid 6 comprising N,N -dimethyl 
acetoamide as a solvent, fine carbon particles (SAF-HS, 



manufactured by Tokai Carbon) as the electroconduc- 
tive material (1 ), and poly(pyromellitamic acid dimethyl- 
ester) as a precursor for the organic material (2). was 
applied to the electrodes 2 and 3 comprising the devices 

5 on the substrate, by printing. Subsequently, the electro- 
conductive organic film 4 was formed by heat process- 
ing. Then, using the same pulse waveforms as with the 
Fourth example, the electroconductive organic film was 
subjected to electrical forming, thereby forming electron 

10 emission portions 5, thus completing the electron 
source substrate. 

[01 92] A rear plate 71 , supporting frame 72, and face 
plate 76 were bonded and vacuum-sealed to the elec- 
tron source substrate, thereby manufacturing an image 

IS forming apparatus following the conceptual diagram 
shown in Fig. 7. A certain voltage was applied to each 
device in time-division, via the terminals Dx^ through 
Dxi6 and Dy^ through Dy^^, and a high voltage is applied 
to the metal backing via the terminal Hv. Hence, it was 

20 confirmed that an image forming apparatus which al- 
lows an arbitrary matrix image pattern to be displayed 
and which yields high uniformity could be thus formed. 

<Tenth example> 

25 

[0193] An image forming apparatus was formed ac- 
cording to the present example, in the same manner as 
with the Ninth example. The only point that differs with 
the Ninth example is that the mixed fluid 6 for forming 

30 the electroconductive organic layer 4 was the same as 
that used with the Second example. 
[0194] As with the Second example, a mixed fluid 6 
comprising N,N-dimethyl acetoamide used as a solvent, 
indium oxide (III) (manufactured by Kishida Kagaku) as 

35 the electroconductive material (1). and poly(pyromelli- 
tamic acid dimethylester) as a precursor for the organic 
material (2), was applied to the electrodes 2 and 3 on 
the substrate, by printing. Subsequently the electrocon- 
ductive organic film 4 was formed by heat processing. 

40 Then, using the same pulse waveforms as with the 
Fourth example, the electroconductive organic film 4 
was subjected to electrical forming, thereby forming 
electron emission portions 5, thus completing the elec- 
tron source substrate. 

45 [0195] An image forming apparatus was manufac- 
tured using this electron source substrate In the same 
manner as the Ninth example, and, as with the Ninth 
example, an image forming apparatus with excellent 
uniformity was obtained. 

so 

<Eleventh example> 

[01 96] An image forming apparatus was formed ac- 
cording to the present example, in the same manner as 
55 with the Ninth example. The only point that differs with 
the Ninth example is that the mixed fluid 6 for forming 
the electroconductive organic layer 4 was the same as 
that used with the Third example. As with the Third ex- 
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ample, a mixed fluid 6 comprising N.N-dimethyl acetoa- 
mide as a solvent, an organic palladium complex as a 
precursor to the electroconductive material (1 ), and poly 
(pyromellitamic acid dimelhylester) as a precursor for 
the organic material (2). was applied to the electrodes 
2 and 3 on the substrate, by printing. 
Subsequently, the electroconductive organic film 4 was 
formed by heat processing. Then, using the same pulse 
waveforms as with the Fourth example, the electrocon- 
ductive organic film 4 was subjected to electrical form- 
ing, thereby forming electron emission portions (gaps), 
thus completing the electron source substrate. 
[0197] An image forming apparatus was manufac- 
tured using this electron source substrate in the same 
manner as the Ninth example, and, as with the Ninth 
example, it was confirmed that an image forming appa- 
ratus with excellent uniformity could be obtained. 

<Twelfth example and First comparative example> 

[0198] The basic structure of the cathode according 
to the present example is similar to that shown in Fig. 
16. so the method for manufacturing the cathode ac- 
cording to the present invention will be described with 
reference to Figs. 16 and 17. 

[0199] Incidentally, a cathode was also manufactured 
as a comparative example. The substrate upon which 
the cathode according to the present Invention is to be 
formed shall be referred to as "substrate A", and the sub- 
strate upon which the cathode according to the compar- 
ative example is to be formed shall be referred to as 
"substrate B" (comparative substrate). Also, six identical 
devices are formed on the substrate. 
[0200] First, the method of manufacturing the sub- 
strate A according to the present invention shall be de- 
scribed. 

[0201] Process a: A quartz substrate was used as the 
insulating substrate 1 . which was sufficiently cleansed 
using detergent, pure water, and organic solvent, follow- 
ing which electrodes 2 and 3 were formed of platinum 
on the surface of this substrate 1 by sputtering using a 
mask (Fig. 17A). At this time, the spacing L between the 
electrodes was 2 ^m, the width W of the electrodes was 
500 pm, and the thickness thereof was 100 nm (Fig. 
17A). 

[0202] Process b: Next, 38 g of N-methyl-2-pyrolidone 
as a solvent. 2 g of polyamic acid as a precursor for the 
organic material (2), and 0,9 g of Carbon Black (#5500, 
manufactured by Tokai Carbon) a precursor for the elec- 
troconductive organic material (1 ) were uniformly mixed 
to prepare a mixed fluid. At this time, a ball mill (zirconia, 
0.3 mm in diameter, manufactured by Token Sangyo) 
was used for the dispersion of the Carbon Black. The 
mixed fluid 6 was then applied on the substrate upon 
which the electrodes 2 and 3 had been formed, using a 
spinner at 1500 rpm for 60 seconds (Fig. 17B). Inciden- 
tally, Fig, 178 shows a view wherein the mixed fluid 6 
has been patterned, in order to facilitate ease of under- 



standing. 

[0203] Process c: The substrate was subjected to 
thennal treating for 30 minutes in an oven at 350"C, 
thereby forming an electroconductive organic film 4 

5 connprising Carbon Black within a polyimide film (elec- 
troconductive organic film) 4 (Fig. 17C). 
[0204] Process d: Subsequently, a solution 9 compris- 
ing a 5% solution of polyamic acid which is a precursor 
- for the organic material (2) in N-methyl-2-pyrolidone as 

10 a solvent was applied on the electroconductive organic 
film 4, using a spinner at 1500 rpm for 60 seconds (Fig. 
17D). 

[0205] Incidentally, Figs. 1 7B-1 7D show views where- 
in the mixed fluid 6, electroconductive organic film 4, and 
IS solution 9 as is a precursor for the organic material (2), 
have been patterned, in order to facilitate ease of un- 
derstanding. 

[0206] Process e: Subsequently, the substrate was 
subjected to thermal treating for 30 minutes in an oven 
20 at SSO'^C, thereby forming a covering film (organic film) 
8. 

[0207] Next, resist material (AZ1500, manufactured 
by Hoechster) was applied using a spinner at 2000 rpm 
for 30 seconds, for the purpose of patterning the elec- 

25 troconductive organic film 4 and the covering film (or- 
ganic film) 8. and following heating at QO^'C for 30 min- 
utes, the substrate was exposed using a patterned 
mask, developed with a developing agent, and heated 
for 30 minuets at 120'C. Then, etching was performed 

30 by oxygen plasma etching, the resist was peeled off by 
10 minutes of ultrasound irradiation in acetone (Fig. 
17D). 

[0208] The thickness of the electroconductive organic 
film 4 thus patterned and sheet resistance thereof was 

35 180 nm and 2 x 10^ QJU. On the other hand, the film 
thickness of the covering film (organic film) 8 was 50 nm. 
[0209] Process f: Next, the forming process was per- 
formed. The substrate A was placed within the meas- 
urement evaluation apparatus shown in Fig. 19. evacu- 

40 ated with a vacuum pump 56 to a pressure of 1 x 10^ 
Pa, following which voltage was applied between the 
electrodes 2 and 3 from the power source 51 for apply- 
ing the element voltage Vf to the element, thereby con- 
ducting the electrical processing (forming processing). 

45 [0210] Rectangle pulses shown in Fig. 3D were used 
for the forming process. With the present example, 
pulse width T1 was set at 1 msec, and pulse interval T2 
at 10 msec, the peak value of the rectangle wave (the 
peak voltage when forming) increasing by steps of 0.1 

so V, thereby carrying the forming out. Also, during the 
forming process, 0.1 V resistance measuring pulses 
were simultaneously inserted in the T2 intervals, there- 
by measuring the resistance. 

[0211] The forming process was completed at the 
ss point that the measurement value of the resistance 
measuring pulse reaches approximately 0.1 IV/ia or 
greater, and the application of voltage to the device was 
also completed at the same time. With the present ex- 
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ample, the forming voltage was 15 V. thereby forming a 
gap 7 in the electroconductive organic film 4 and cover- 
ing film (organic film) 8 (Fig. 17F). 
[0212] Next, the method of manufacturing the com- 
parative example substrate B will be described. 
[021 3] Process a: As with the Process a in the method 
for manufacturing the substrate A, a quartz substrate 
was used as the insulating substrate 1, which was suf- 
ficiently cleansed using detergent, pure water, and or- 
ganic solvent, following which electrodes 2 and 3 were 
formed of platinum on the surface of this substrate 1 by 
sputtering using a mask (Fig. 17A). At this time, the 
spacing L between the element electrodes was 2 iim. 
the width W of the electrodes was 500 ^m, and the thick- 
ness thereof was 100 nm (Fig. 13A). 
[021 4] Process b: Next, for the purpose of patterning 
the electroconductive film 4, chromium was applied to 
the entire surface to a thickness of 50 nm by vacuum 
vapor deposition, resist materal was applied with a spin- 
ner al 2500 rpm for 30 seconds, and following healing 
at 90**C for 30 minutes, the substrate was exposed using 
a patterned mask for applying the electroconductive film 
4, developed with a developing agent, and heated for 
30 minuets at 120<*C. 

[0215] Process c: Subsequently, the substrate was 
immersed for 30 seconds in a solution having the com- 
ponents of 17 g of (NH4)Ce(N03)6. 5 cc of HCIO4, and 
100 cc of HgO. thus etching the chromium, following 
which the resist was peeled off by 10 minutes of ultra- 
sound irradiation in acetone. Then, an organic palladium 
solution was applied with a spinner at 800 rpm for 30 
seconds, and heating at 300'*C for 10 minutes formed 
an electroconductive film 4 having palladium oxide 4. 
[0216] Process d: Next, the chromium was lifted off, 
thereby forming an electroconductive film 4 with a thick- 
ness of 10 nm and sheet resistance of 5 x 10^ QJD, 
having palladium as the primary element thereof (Fig. 
13B). 

[0217] Process e: Next, the substrate B was placed 
within the measurement evaluation apparatus shown in 
Fig. 19, evacuated with a vacuum pump 56 to a pressure 
of 1 X 10-^ Pa, following which voltage was applied be- 
tween the electrodes 2 and 3 from the power source 51 
for applying the voltage to the devices, thereby conduct- 
ing the electrical processing (forming processing). 
[0218] Rectangle pulses shown in Fig. 3D were used 
for the forming process. Pulse width T1 was set at 1 
msec, and pulse interval T2 at 10 msec, the peak value 
of the rectangle wave (the peak voltage when forming) 
increasing by steps of 0.1 V, thereby carrying the form- 
ing out. Also, during the forming process, 0.1 V resist- 
ance measuring pulses were simultaneously inserted in 
the T2 intervals, thereby measuring the resistance. 
[0219] The forming process was completed at the 
point that the measurement value of the resistance 
measuring pulse reaches approximately 1 MQ or great- 
er, and the application of voltage to the device was also 
completed at the same time. With the present example, 



the forming voltage was 1 5 V, thereby forming a first gap 
6 in the electroconductive film 4 (Fig. 1 3C). 
[0220] Process f: Next, acetone was introduced into 
the measurement evaluation apparatus at a pressure of 

5 1x10-2 Pa, and voltage was applied between the elec- 
trodes 2 and 3 for 20 minutes, thereby carrying out the 
activation process. Incidentally, the voltage waveform 
for the activation processing was a rectangular wave- 
form with the pulse width T1 being set at 1 msec and 

10 pulse interval T2 at 10 msec, and the peak value of the 
rectangular waveform at 15V (Fig. 3C). Then, evacua- 
tion was conducted to 1 X 10-® Pa. 
[0221] The electron emitting properties of the devices 
thus formed were measured using the measuring eval- 

is uation apparatus shown in Fig. 4. The substrates A and 
B were both measured under the same measurement 
conditions, with the voltage of the anode electrode 54 
at 1 kV. the distance H between the anode electrode and 
the cathode at 4 mm. and the measurement voltage as 

20 15 V. Also, measurement was performed in the meas- 
urement evaluation apparatus at a pressure of 1 x 10"® 
Pa. 

[0222] With the substrate B, the device current If was 
1 .4 mA± 15%, and the emission current le was 0.95 jiA 

25 ±1 5%: On the other hand, with the substrate A. the de- 
vice current If was 0.8 mA ±3%. and the emission cur- 
rent le was 1 .1 nA +4%, meaning that the emission cur- 
rent le of the substrate A as compared with the substrate 
B was similar, the device current If decreased, and ir- 

30 regularities in the electron emission properties de- 
creased, as well. 

[0223] Next, following the above properties evalua- 
tion, continues driving was performed within the meas- 
uring apparatus under the above conditions. After a cer- 
35 tain anrK)unt of time, the emission current le of the sub- 
strate B decreased to approximately 54% of the above 
measurement value, but the substrate A only showed a 
drop of 5%. 

[0224] Next, the electron emitting portions of the sub- 
40 strate A and substrate B were obsen^ed with Raman 
spectroscopy, which revealed a thin deposition of amor- 
phous carbon near the gap 7 of the electron emission 
portion for the substrate B, but revealed that a portion 
of the polyamide film 8 between the electrodes on the 
45 substrate had partially turned to amorphous carbon, and 
also that the amorphous carbon formed on the substrate 
A had portions with higher crystalline structure than the 
amorphous carbon formed on the substrate B, 

50 <Thirteenth example> 

[0225] The present example is an example of manu- 
facturing an image forming apparatus in an electron 
source comprising a simple matrix array of a great 
55 number of cathodes. 

[0226] A partial plan view of a substrate upon which 
multiple electroconductive films have been wired in a 
matrix is shown in Fig. 20. Also, the cross-section along 
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line A-A' is shown in Fig. 21. The sanne reference nu- 
nnerals in Figs. 20 and 21 denote the same members. 
Here, reference numeral 71 denotes a substrate, 2 and 
3 denote electrodes. 4 denotes an electroconductive or- 
gan ic film, and 8 denotes a covering film (organic film). 5 
Reference numeral 72 denotes X-directional wires cor- 
responding with DX^ in Fig. 20 (also referred to as lower 
wires), 73 denotes Y-directional wires corresponding 
wrth Dyn In Fig. 20 (also referred to as upper wires), 1 51 
denotes an insulating layer, and 152 denotes contact io 
holes for electrical contact between the electrodes 2 and 
lower wires 72. 

[0227] First, the method of manufacturing the electron 
source substrate according to the present invention will 
be described process by process with reference to Figs. ^5 
22A through 24J. The following processes a through j 
correspond with the Figs. 22A-22D, 23E-23H. and 241- 
24J. 

[0228] Process a: On a cleansed soda-lime glass sub- 
strate, Cr and Au were sequentially deposited by vacu- 
um vapor deposition to respective thickness of 5 nm and 
60 nm, following which resist material was applied by a 
spinner, baked, a photo-mask image Is exposed and de- 
veloped, thus forming the resist pattern for lower wires, 
and the lower wires 72 are formed from the Au/Cr de- 
posited film by wet etching. 

[0229] Process b: Next, an insulating layer 151 
formed of a silicone oxide film 0.1 fim thick was formed 
by high-frequency sputtering. 

[0230] Process c: A photo-resist pattem was formed 
for forming the contact holes 152 in the deposited sili- 
cone oxide film, and this was used as a mask for etching 
the Insulating layer 151, thereby forming the contact 
holes 152. The etching was performed with RIE (Reac- 
tive Ion Etching) using CF4 and gas. 
[0231] Process d: Subsequently the pattern to form 
the gap L between the electrodes 2 and 3 was formed 
of a resist material (RD-2000N-41, manufactured by Hi- 
tachi Kasei). and Tl and Ni were sequentially deposited 
by vacuum vapor deposition to respective thickness' of 
5 nm and 100 nm. The photo-resist pattern was dis- 
solved with an organic solvent, the Ni/Ti deposited film 
was lifted off, thereby forming the electrodes 2 and 3 
with a spacing L of 3 nm and electrode width W of 300 
^im. 

[0232] Process e: A photo-resist pattern for the upper 
wires 73 was formed on the electrodes 2 and 3, and Ti 
and Au were sequentially deposited by vacuum vapor 
deposition to respective thickness of 5 nm and 100 nm. 
Unnecessary portions were lifted off and removed, 
thereby forming upper wires 73 of a desired form. 
[0233] Process f : Next. 38 g of N-methy l-2-pyrolidone 
as a solvent, 2 g of polyamic acid as a precursor for the 
organic material (2). and 0.9 g of Carbon Black (#5500. 
manufactured by Tokal Carbon) as a precursor for the 
electroconductive material (1) were uniformly mixed to 
prepare a mixed fluid 6. 

[0234] At this time, a ball mill (zirconia. 0.3 mm in di- 



ameter, manufactured by Token Sangyo) was used for 
the uniform dispersion of the Carbon Black. The disper- 
sion liquid (mixed fluid 6) was then applied on the sub- 
strate upon which the electrodes 2 and 3 had been 
formed, using a spinner at 1500 rpm for 60 seconds, 
thereby forming a thin film of the mixed fluid 6. 
[0235] Process g: Further, the thin film (mixed fluid 6) 
was subjected to heating and baking for 30 minutes at 
350**C, thereby forming an electroconductive organic 
film 4 comprising Carbon Black and polyimide. 
[0236] Process h: Subsequently, a solution compris- 
ing a 5% solution of polyamic acid which Is a precursor 
for the organic material (2) In N-methyl-2-pyrolidone as 
a solvent was applied on the electroconductive organic 
film 4. using a spinner at 1 500 rpm for 60. Subsequently, 
the substrate was subjected to baking for 30 minutes at 
350*C. thereby forming a covering film (organic film) 8. 
[0237] Process I; Next, resist material was applied us- 
ing a spinner at 2000 rpm tor 30 seconds, for the pur- 
pose of patterning the electroconductive organic film 4 
and the covering film (organic film) 8, and following heat- 
ing at 90°C for 30 minutes, the substrate was exposed 
using a patterned mask, developed with a developing 
agent, and heated for 30 minuets at 1 20**C. Then, etch- 
ing was performed by oxygen plasma etching, and the 
resist was peeled off by 10 minutes of ultrasound Irradi- 
ation in acetone. The thickness of the electroconductive 
organic film 4 thus patterned and sheet resistance there- 
of was 180 nm and 2 x 10^ n/D. On the other hand, the 
film thickness of the covering film (organic film) 8 was 
50 nm. 

[0238] Process]: Aresistfilmwasformedsoastocov- 
er all portions except for the contact hole portions, and 
Tl and Au were sequentially deposited by vacuum vapor 
deposition to respective thickness' of 5 nm and 500 nm. 
Removing the unnecessary portions by lifting off filled 
in the contact holes. 

[0239] Thus, according to the above processes, a 
substrate 61 was obtained, with the following formed on 
the insulating substrate 71 : the lower wires 72. Insulat- 
ing layer 151 , upper wires 73, electrodes 2 and 3, elec- 
troconductive organic film 4, and covering film (organic 
film) 8. 

[0240] Next, the substrate 61 was placed within a vac- 
uum chamber, and once the interior of the chamber 
reached a sufficient degree of vacuum, pulse voltage 
was applied between the electrodes 2 and 3 of each of 
the cathodes 64, thus conducting the forming process- 
ing. With the present example, rectangular pulses sim- 
ilar to those used in the Seventh example are applied 
under a vacuum atmosphere of approxinr^tely 1.3 X 
10-3 Pa. 

[0241 ] Next, an image forming apparatus was formed, 
using a substrate 61 (Fig. 7) manufactured as described 
above and having passed Inspection. The nnanufactur- 
Ing procedures will be described with reference to Figs. 
7-8B. 

[0242] First, following fixing the substrate 61 on the 
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rear plate 71 . the face plate 76 (comprising the fluores- 
cent filnri 74 and metal backing 75 formed on the inner 
side of the glass substrate 73) is positioned 5 mm above 
the substrate 61 with the supporting frame 72 introduced 
therebetween, frit glass is applied at the portions where 
the face plate 76, supporting frame 72, and rear plate 
71 are assembled, and these are bonded by baking at 
400 to SOO^C for 10 minutes or more in the ambient at- 
mosphere or in a nitrogen atmosphere, thereby forming 
a panel (the envelope 78 In Fig. 7). Incidentally, the sub- 
strate 61 was fixed to the rear plate 71 with frit glass, as 
well. 

[0243] In order to realize color, the fluorescent film 74 
was formed as a striped formation (see Fig. 8A), with 
black stripes being formed first and the fluorescent 
member 82 for each color being applied in the gaps by 
the slurry method, thereby forming the fluorescent film 
74. Commonly-used material comprised mainly of black 
lead or was used for the black stripes. 
[0244] Also, a metal backing 75 was provided to the 
inner side of the fluorescent film 74. The metal backing 
75 was manufactured by performing a smoothing proc- 
ess (commonly referred to as "filming") on the inner side 
surface of the fluorescent film 74 following fabricating 
the fluorescent film 74, and then depositing aluminum 
using vacuum vapor deposition. 
[0245] With the face plate 76, transparent electrodes 
may be provided to the outer side of the fluorescent film 
74, to further improve the electroconductivity thereof. 
However, sufficient electroconductivity was obtained 
with the present example using the metal backing 75 
alone, so this was omitted. 

[0246] At the time of performing the above sealing, 
there is the need with color devices to correlate the flu- 
orescent members for each color with the cathodes, so 
sufficient positioning was perfonmed. 
[0247] The atmosphere within the panel (envelope 
. 78) is reduced to a pressure of around 1 . 3 X 1 0"^ Pa by 
vacuum pump via an unshown exhausting tube, follow- 
ing which the exhausting tube is sealed off (tipped off) 
by heating with a gas burner. Finally, getter processing 
was performed with the high-frequency heat method in 
order to maintain the vacuum within following sealing 
off, thus completing the panel 
[0248] The external terminals DoXi through Dox^: ex- 
ternal terminals Doy-, through Doyp, and high voltage 
terminal 77 of the display panel were connected to the 
respective required driving circuits, thereby completing 
the image forming apparatus. Scanning signals and 
modulating signals from unshown signal generating 
means are sequentially applied via the Dox^ through 
DOXfn and Doy^ through Doyp, thereby causing electron 
emission, and a high voltage of several kV or greater is 
applied from the high-voltage terminal 77 to the metal 
backing 75, thereby accelerating the electron beams, 
which collide with the fluorescent film 74, causing exci- 
tation and light emission thereof. Thus, an image was 
displayed. 



[0249] Consequently, irregularities in properties from 
one cathode to another are small with the image forming 
apparatus according to the present example, so a high- 
quality image with only small irregularities in brightness 
5 can be displayed. 

<Fourteenth example> 

[0250] The present example Is an example of using 
10 an electron source such as shown in Fig. 1 0, wherein a 
great number of cathodes are wired in a ladder-like form , 
to form an image forming apparatus such as shown in 
Fig. 11. 

[0251] The electron source substrate 100 according 

IS to the present example is an extension of the pattern for 
forming cathodes described in the Ninth example, and 
can be fomned by forming wires tor common connection 
of multiple devices; accordingly, the details of the meth- 
od for manufacturing will be omitted. 

20 [0252] Regarding manufacturing the image forming 
apparatus, first, the electron source substrate 100 com- 
prising multiple cathodes with gaps 7 were connected 
in a ladder-like form is fixed above the rear plate 71 , 
following which, grid electrodes 110 having electron 

25 through holes 111 werearrayed above the substrate 100 
in a direction orthogonal to the above linear elements. 
Further, the face plate 76 (comprising the fluorescent 
film 74 and metal backing 75 formed on the inner side 
of the glass substrate 73) is positioned 5 mm above the 

30 electron source substrate 1 00 with the supporting frame 
72 introduced therebetween, frit glass is applied at the 
portions where the face plate 76. supporting frame 72, 
and rear plate 71 are assembled, and these are bonded 
by baking at 400 to SOO'^C for 1 0 minutes or more in the 

35 ambient atmosphere or in a nitrogen atmosphere, there- 
by forming a panel (the encasement 78 in Fig. 11 ). Inci- 
dentally, the substrate 1 00 was fixed to the rear plate 71 
with frit glass, as well. 

[0253] In order to realize color, the fluorescent film 74 

40 was formed as a striped formation (see Fig. 8A), with 
black stripes being formed first and the fluorescent 
member 82 for each color being applied in the gaps by 
the slurry method, thereby forming the fluorescent film 
74. Commonly-used material comprised mainly of black 

45 lead or was used for the black stripes. 

[0254] Also, a metal backing 75 was provided to the 
inner side of the fluorescent film 74. The metal backing 
75 was manufactured by performing a smoothing proc- 
ess (commonly referred to as "filming") on the inner side 

so surface of the fluorescent film 74 following fabricating 
the fluorescent film 74, and then depositing aluminum 
using vacuum vapor deposition. 
[0255] With the face plate 76. transparent electrodes 
may be provided to the outer side of the fluorescent film 

55 74, to further improve the electroconductivity thereof. 
However, sufficient electroconductivity was obtained 
with the present example using the metal backing 75 
alone, so this was omitted. 
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[0256] At the time of performing the above sealing, 
there is the need with color devices to correlate the flu- 
orescent members for each color with the cathodes, so 
sufficient positioning was performed. 
[0257] The atmosphere within the panel (encasement s 
76) thus formed is reduced to a pressure of around 1.3 
X 10^^ Pa by vacuum pump via an unshown exhausting 
tube, following which the exhausting tube is sealed off 
by heating with a gas burner, thus sealing the envelope 
78. Finally, getter processing was performed with the 
high-frequency heat method in order to maintain the 
vacuum within following sealing off, thus completing the 
panel. 

[0258] Next, the external terminals Dox^ through 
DoXn,, external terminals through G^, and high volt- 75 
age terminal 77 of the display panel were connected to 
the respective required driving circuits, thereby complet- 
ing the image forming apparatus. Vbltage is applied to 
the cathodes via the terminals Doxi through Dox^ so as 
10 cause electron emission, and the emitted electrons 20 
pass through the electron through holes 111 in the grid 
electrodes 1 1 0, and are accelerated by the high voltage 
of several kV or higher applied to the metal backing 77 
from the high voltage terminal 77, causing the electrons 
to collide with the fluorescent film 74, resulting in exci- 
tation and light emission thereof. 
[0259] At this time, applying voltage corresponding 
with the information signals to the grid electrodes 110 
with the grid terminals G^ through G^ can control the 
electron beams passing through the electron through 
holes 1 1 1 so as to display an image, but with the present 
example, grid electrodes 110 having electron through 
holes 1 1 1 which are 50 |im in diameter were positioned 
1 0 \im above the electron source substrate 1 00, with an 
insulating layer of Si02 (not shown) introduced therebe- 
tween, so in the event that 6 kV is applied as accelera- 
tion voltage, turning the beams on and off was success- 
fully controlled at a grid voltage within 50 V, thus display- 
ing an image. Also, it was confirmed that there was little 
irregularity between the devices, and that the uniformity 
of electron emission properties was high. 

<Fifteenth example> 

[0260] Fig. 25 is a diagram illustrating an example of 
an image forming apparatus according to the present 
invention, configured such that image information pro- 
vided from various information sources such as televi- 
sion broadcasting for example can be displayed on the 
display panel formed according to the Seventh example. 
[0261] In the Figure, reference numeral 201 denotes 
a display panel, 1001 denotes a display panel driving 
circuit, 1002 denotes a display controller, 1003 denotes 
a multiplexer, 1004 denotes a decoder, 1005 denotes 
an input/output interface circuit, 1006 denotes a CPU, 
1007 denotes an image generating circuit, 1008 and 
1009 and 1010 denote image memory interlace circuits, 
1011 denotes an image input interface circuit, 1012 and 



101 3 denote TV signal receiving circuits, and 1014 de- 
notes an input unit. 

[0262] It should be noted that in the event of receiving 
signals including both image informatbn and sound in- 
formation, as with television signals for example, the 
present innage forming apparatus reproduces the sound 
along with displaying the image, as a matter of course, 
but description relating circuits, speakers, etc., which 
perform reception, dividing, reproducing, processing, 
storage, etc., of sound information will be omitted, as 
such is not directly related to the characteristics of the 
present invention. 

[0263] First, the TV signal receiving circuit 1 01 3 is a 
circuit for receiving television signals transmitted using 
a wireless transmission system, such as airwaves or 
space-optical communications, etc. 
[0264] The type of television signals to be received is 
not particularly restricted, and any of NTSC, PAS, or SE- 
CAM signals may be received. Also, television signals 
with an even greater number of scanning lines, such as 
so-calted high-definition TVs like MUSE or the like are 
suitable signal sources for optimizing the advantages of 
this display panel which is suitable for large areas and 
great numbers of pixels. 

[0265] The television signals received with the TV sig- 
nal receiving circuit 1013 are output to the decoder 
1004. 

[0266] The TV signal receiving circuit 1 01 2 is a circuit 
for receiving cable television signals transmitted using 
coaxial cable, optical fiber, etc. As with the TV signal 
receiving circuit 1013. the type of television signals to 
be received is not particularly restricted. The television 
signals received with the TV signal receiving circuit 1012 
are also output to the decoder 1004. 
[0267] The image input interface circuit 1011 is a cir- 
cuit of intake of image signals supplied from image input 
devices such as TV cameras or image reading scan- 
ners, and the image signals read in are output to the 
decoder 1 004. 

[0268] The image memory interface circuit 1010 is a 
circuit for reading image signals stored by a video cas- 
sette recorder (hereafter referred to simply as "VCR"), 
and the innage signals read in are output to the decoder 
1004. 

[0269] The image memory interface circuit 1009 is a 
circuit for reading image signals stored on a video disk, 
and the innage signals read in are output to the decoder 
1004. 

[0270] The image memory interface circuit 1008 is a 
circuit for reading image signals from a device storing 
still image data, such as a still image disk, and the image 
signals read in are output to the decoder 1004. 
[0271] The input/output interface circuit 1005 is a cir- 
cuit for connecting the present display apparatus with 
extemal computers, computer networks, or output de- 
vices such as printers or the like. Not only can input and 
output of image data, text and shape information be car- 
ried out, but in some cases the CPU 1 006 of the present 
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image forming apparatus and external device can ex- 
change control signals and numerical data. 
[0272] The image generating circuit 1007 is a circuit 
for generating image data to be displayed, based on Im- 
age data, text and shape Information externally Input 
from the above Input/output interface circuit 1 005, or im- 
age data, text and shape Information output from the 
CPU 1006. This circuit has within re-wrltable memory 
for storing image data, text and shape infonmation, for 
example, ROM for storing image patterns correspond- 
ing with character codes, processors and the like for Im- 
age processing, and other circuits necessary for gener- 
ating images. 

[0273] _ The display image data generated by this cir- 
cuit is output to the decoder 1004, but In cases may be 
output to external computer networks or printers via the 
input/output Interface circuit 1005. 
[0274] The CPU 1006 mainly performs tasks of con- 
trolling the operation of the present display apparatus 
or generating, selecting, or editing display images. 
[0275] For example, the CPU 1 006 may output a con- 
trol signal to the multiplexer 1003, and select or combine 
image signals to be displayed on the display panel. In 
this case, the CPU 1 006 generates control signals to the 
display panel controller 1 002 according to the Image sig- 
nals to be displayed, and appropriately controls the op- 
eration such as regarding the image display frequency, 
scanning method (e.g., interlaced or non-interlaced), 
number of scanning lines per screen, and so forth. Also, 
the CPU 1006 directly outputs image data and text and 
shape infonmation to the image generating circuit 1007. 
or accesses external computers or memory via the in- 
put/output interface circuit 1 005 to input image data and 
text and shape information. 

[0276] Incidentally, the CPU 1006 may undertake 
tasks with other objects, as well. For example, the CPU 
1006 may directly handle functions for generating and 
processing Informatbn, such as with personal comput- 
ers or word processors. Or, as described above, the 
CPU may connect to external computer networks via the 
input/output interface circuit 1005 and jointly perfomi 
mathematical calculations or the like in junction with oth- 
er external devices. 

[0277] The Input unit 1014 is tor the user to input com- 
mands, programs, data, etc., and a wide variety of input 
devices can be used to this end, such as a keyboard, 
mouse, joystick, barcode reader, voice recognition de- 
vice, and so on. 

[0278] The decoder 1004 is for performing reverse 
conversion of various image signals Input from the 
above 1007 through 1013, into signals of the three pri- 
mary colors, or brightness signals, and I signals and Q 
signals. As shown In the Figure by dotted lines, it is pref- 
erable that the decoder 1 004 have internal image mem- 
ory. This is to handle television signals which require im- 
age memory at the time of reverse conversion, such as 
MUSE signals, for example. 

[0279] Having image memory facilitates ease of dis- 



playing still Images. There are also the advantages that 
this allows the image memory to cooperate with the 
above Image generating circuit 1007 and CPU 1006 to 
more readily perform image processing and editing, 
5 such as pruning interpolating, enlarging, reducing, syn- 
thesizing, etc., of images. 

[0280] The multiplexer is for appropriately selecting a 
display image based on control signals input from the 
CPU 1006. That is, the multiplexer 1003 selects the de- 

10 sired Image signals from the reverse-converted Image 
signals Input from the decoder 1004, and outputs the 
selected Image signals to the driving circuit 1001. In 
such a case, the Image signals may be switched and 
selected within a single image display period, so that 

is different images can be displayed on different areas of 
one screen, as with a so-called "picture-in-picture" tele- 
vision. 

[0281] The display panel controller 1002 is a circuit 
for controlling operation of the driving circuit 1001, 

20 based on the control signals input from the CPU 1006. 
[0282] Regarding a basic operation of the display 
panel, for example, a signal for controlling the operation 
sequence of a driving power source (not shown) for the 
display panel is output to the driving circuit 1001. Re- 

2S garding the method of driving the display panel, signals 
for controlling the image display frequency or scanning 
method (e.g., interlaced or non-interiaced) for example, 
are output to the driving circuit 1 001 . Also, in some cas- 
es, control signals regarding adjustment of the image 

30 quality, such as brightness, contrast, color, and sharp- 
ness of the displayed image, may be output to the driv- 
ing circuit 1001. 

[0283] The driving circuit 1 001 is a circuit for generat- 
ing driving signals to be applied to the display panel 201 , 
35 and operates with regard to image signal input form the 
multiplexer 1003, and control signals input from the dis- 
play panel controller 1002. 

[0284] The above ahs been a description of the mem- 
bers. It should be noted that according to the configura- 
te tion shown as an example in Fig. 25, the present image 
forming apparatus Is capable of displaying image infor- 
mation input from a wide variety of Image information 
sources in the display panel 201 . That Is to say, various 
image signals such as television broadcast signals are 
45 subjected to reverse conversion by the converter 1 004, 
then appropriately selected by the multiplexer, and input 
to the driving circuit 1 001 . On the other hand, the display 
controller 1002 generates control signals for controlling 
the operation of the driving circuit 1 001 , according to the 
50 image signals to be displayed. The driving circuit applies 
driving signals to the display panel 201 , based on the 
above image signals and control signals. Accordingly, 
an image Is displayed on the display panel 201 . This 
series of operations is centrally governed by the CPU 

55 1006. 

[0285] Not only Is the present image forming appara- 
tus capable of displaying information selected from the 
Image memory stored In the decoder 1004 or image 
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generating circuit 1007 or other infonmation, but is ca- 
pable of performing image processing to image informa- 
tion to be displayed, such as enlarging, reducing, rotat- 
ing, moving, emphasizing edges, pruning, interpolation, 
color changes, changes In the vertical/horizontal ratio of 
the image, and so on, and image editing such as syn- 
thesizing, deleting, connecting replacing, imbedding, 
and so on. Also, though not mentbned in the description 
of the present example, a dedicated circuit may be pro- 
vided whereby processing and editing of sound informa- 
tion can be executed, as with the above image process- 
ing and Image editing. 

[0286] Accordingly, the present image forming appa- 
ratus is capable of single-handedly performing the roles 
of television broadcast display apparatus, terminal de- 
vice for tele-conferencing, image editing equipment for 
handling still Images and motion images, office terminal 
such as a computer terminal or word processor, game 
machine, and so forth; and thus has an extremely wide 
use, both for industrial and social uses. 
[0287] Various alterations can be made to the display 
apparatus shown in Fig. 25, based on the technological 
idea of the present invention. For example, of the com- 
ponents shown in Fig. 25, those not necessary to the 
object of use may bo omitted. Conversely, further func- 
tions may be added depending on the object of use. For 
example, in the case of using the present display appa- 
ratus as a video telephone, components such as a video 
camera, audio microphone, lighting equipment, a tele- 
phone line and related equipment such as a modem, 
etc., should be suitably provided 
[0288] According to the present display apparatus, re- 
duction in thickness of the display panel with cathodes 
serving as the electron beam source is facilitated in par- 
ticular, so the depth-wise dimensions of the apparatus 
can be reduced. Further, the present display apparatus 
allows for easy forming of large-area displays, has ex- 
cellent brightness, and superb visual recognition prop- 
erties. 

[0289] Further, the uniformity of the electron emission 
properties of the cathodes in the electron source accord- 
ing to the present Invention is excellent, so the formed 
image is high in quality, and highly detailed images can 
be displayed. 

[0290] As described above, the present invention In- 
volves causing an electrical current to flow through elec- 
troconductive organic film, thereby forming a gap, and 
at the same time carbonizing (changing into graphite or 
amorphous carbon) the organic material near the gap. 
Accordingly, the introduction pressure control of the or- 
ganic gas which was necessary with conventional ar- 
rangements is no longer necessary. Further, since there 
is no introduction of organic gas, the effects of residual 
gas in the vacuum atmosphere are reduced. Further, 
there is no process of applying organic material on top 
of electroconductive film, so positional offset between 
the organic material and electroconductive material, 
and complexity in the pattering procedure can be re- 



duced. Consequently, electron emission properties with 
high uniformity can be easily obtained. Also, the manu- 
facturing process of the cathodes can be reduced, lead- 
ing to reductions in costs. 

5 [0291 ] Also, according to the method for manufactur- 
ing electron sources according to the present invention, 
a set of electrodes is formed by offset printing, the elec- 
troconductive organic film is formed by ink-jet, and the 
lines for driving the cathodes can be formed by screen 

10 printing. Accordingly, the components of the electron 
source can be manufactured in a non^acuum, and fur- 
ther, there is no need for separate patteming, so costs 
can be reduced. 

[0292] Further, according to the method for manufac- 
15 turing the image forming apparatus according to the 
present invention, the electron source can be tested be- 
fore assembling (sealing) the envelope. Accordingly, an 
electron source which has passed inspection and a face 
plate which has passed inspection can be assembled. 
20 Consequently, post-sealing yield increases, so image 
forming apparatuses can be manufactured at low costs. 



Claims 

25 

1 . A method for manufacturing a cathode, comprising 
the steps of: 

A) a process tor applying onto a substrate a flu- 
id mixture comprising polymers or precursors 
to said polymers, fine particles of electrocon- 
ductive material or organic metal compound, 
and solvent; 

B) a process for removing said solvent by heat- 
ing said fluid mixture applied on said substrate, 
thereby obtaining an electroconductive organic 
film comprising said polymers and said electro- 
conductive material; and 

C) a process for forming a gap at a portion of 
said electroconductive organic film by applying 
an electrical current thereto. 

2. A method for manufacturing a cathode according to 
Claim 1 . wherein said process for applying said fluid 
mixture is performed by the ink-jet method. 

3. A method for manufacturing a cathode according to 
Claim 2, wherein said ink-jet method involves ap- 
plying heat to said fluid mixture to the point of boiling 
so as to generate bubbles, and using the pressure 
of said bubbles to eject droplets of said fluid mixture. 

4. A method for manufacturing a cathode according to 
Claim 2, wherein said ink-jet method involves ap- 
plying electric signals to piezoelectric elements so 
as to cause deformation thereof, thereby ejecting 
droplets of said fluid mixture. 
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5. A method for manufacturing a cathode according to 
Claim 1, wherein said polymers comprise at least 
one selected from the following group: a!l-aromatic 
polymers, and polyacryllo nitryl. 

6. A method for manufacturing a cathode according to 
Claim 5, wherein said all-aromatic polymers com- 
prise polyimide, polybenzoimidazole, and polyami- 
deimide. 

7- A method for manufacturing a cathode according to 
Claim 1, wherein said electroconductive material 
comprises at least one selected from the following 
group: Pd, Ru. Ag, Cu, Tb, Cd, Fe, Pb. Zn. PdO, 
SnOg, InaOg. PbO, SbaOg, HfBg, ZrBg, UBg.CeBe, 
YB4, GdBg, TiC. ZrC, HfC, TaC, SIC, WO, TiN. ZrN, 
HtN, polyacetylene, poly-p-phenylene, polyphe- 
nylene sulfide, polypyrroie. SI, Ge, carbon, and 
graphite. 

8. A method for manufacturing a cathode according to 
Claim 1, wherein said electroconductive material 
comprises at least one selected from the following 
group: metals, oxides, borides, carbides, nitrides, 
electroconductive high polymers, and semiconduc- 
tors. 

9. A method for manufacturing a cathode, comprising 
the steps of: 

A) a step for forming on a substrate an electro- 
conductive organic film comprising a mixture of: 

at least one organic material selected 
from the following group: all-aromatic poly- 
mers, and polyacryllo nitrile; and 

an electroconductive material; and 

B) a step for forming a gap at a portion of said 
electroconductive organic film by applying an 
electrical current thereto, 

10. A method for manufacturing a cathode according to 
Claim 9, wherein said all-aromatic polymers com- 
prise at least one organic material selected from the 
following group: polyimide, polybenzoimidazole, 
and polyamideimide. 

11- A method for manufacturing a cathode, comprising 
the steps of: 

A) a step for forming on a substrate an electro- 
conductive organic film comprising: 

at least one organic material selected 
from the following group: all-aromatic poly- 
mers, and polyacryllo nitrile; and 

an electroconductive material; and 

B) a step for forming a gap at a portion of said 
electroconductive organic film by applying an 
electrical current thereto. 



12. A method for manufacturing a cathode according to 
Claim 11, wherein said all-aromatic polymers com- 
prise at least one organic material selected from the 
following group: polyimide. polybenzoimidazole, 

s and polyamideimide. 

13. A method for manufacturing a cathode, comprising 
the steps of: 

70 A) a step for forming an electroconductive or- 

. ganic film on a substrate; and 
B) a step for forming a gap at a portion of said 
electroconductive organic film by applying an 
electrical current thereto. 

IS 

14. A method for manufacturing an electron source 
comprising an array of a plurality of cathodes, 
wherein said cathodes are manufactured according 
to any of the Claims 1 through 1 3. 



20 

15. A method for manufacturing said electron source 
according to Claim 14, comprising: 

A) a step for forming an array of a plurality of 
25 pairs of electrodes on a substrate, using offset 

printing; 

B) a step for forming a plurality of X-directional 
wires coming into common contact with one of 
said pair of electrodes, on said substrate using 

30 screen printing; 

C) a step for forming a plurality of Y-directlonal 
wires coming into common contact with the oth- 
er of said pair of electrodes, on said substrate 
using screen printing; 

35 

wherein said Y-directlonal wires are formed 
over said X-dlrectional wires so as to be 
electrically insulated therefrom by an insu- 
lating layer formed using screen printing; 
40 and wherein said Y-direction and said X- 

direction are generally perpendicular; 

D) a step for positioning said electroconductive 
organic film so as to connect between each of 

45 said pairs of electrodes, using the ink-jet meth- 

od; and 

E) a step for forming a gap at a portion of said 
electroconductive organic film by applying an 
electrical current thereto, via said X-directional 

BO wires and said Y-directional wires. 

16. A method for manufacturing an image forming ap- 
paratus comprising an electron source comprising 
an array of a plurality of cathodes and image form- 
es ing members positioned facing said electron 

source; 

wherein said electron source is manufactured 
according to Claim 14 or Claim 15. 
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